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Abstract 
Human beings have always been exposed to natural radiations arising from within and 
outside the earth. Our world is radioactive since it has been created. Large number of  
radio nuclides (radioactive elements) can be found in nature, and they can be placed in 
three general categories as Primordial - formed before the creation of the Earth, 
Cosmogenic - formed as a result of cosmic ray interactions, Human produced - 
enhanced or formed due to human actions (minor amounts compared to natural).  
Radio nuclides are found naturally in air, water and soil. They are even found in us, 
being that we are products of our environment. Every day, we ingest and inhale radio 
nuclides in our air and food and the water. Natural radioactivity is common in the 
rocks and soil that makes up our planet, in water and oceans, and in our building 
materials and homes. There is nowhere on Earth that you cannot find Natural 
Radioactivity. Radioactive elements are often called radioactive isotopes or radio 
nuclides or just nuclides.  
Naturally occurring heaviest radioactive toxic element uranium is found in traces in 
almost all types of rocks, soils, sands and waters. Natural uranium contains 0.7 % 
235
U, 99.3 % 
238
U, and a trace of 
234
U by weight. In terms of the amount of 
radioactivity, approximately 2.2 % comes from uranium-235, 48.6 % uranium-238, 
and 49.2 % uranium-234. It has been detected that, no harmful radiation effects of 
natural levels of uranium. However, chemical effects may occur after the uptake of 
large amounts of uranium and these can cause negative health effects. Inhaled uranium 
increases the risk of lung cancer. Uranium itself is not particularly dangerous, some of 
its decay products (viz.
 226 
Ra and
 222
Rn) do pose a threat, especially radon.  Radon is a 
naturally occurring radioactive noble gas with a half-life of 3.82 days.  Radon is the 
earth's only naturally produced radioactive gas and comes from the breakdown of 
uranium in soil, rock, and water. Radon has three isotopes viz. 
222
Rn (radon) 
220
Rn 
(thoron) 
219
Rn (actinon) which is the immediate daughter products of 
226
Ra, 
224
Ra and 
223
Ra respectively. Among these 
222
Rn is the most stable isotope.  Radon can enter 
homes through cracks and openings in the foundation floor and walls. When radon 
decays and is inhaled into the lungs, it releases energy that can damage the DNA in 
sensitive lung tissue and cause cancer. Ground water can carry additional radon into 
homes and other buildings, creating a health risk. Further the radon gas (decay product 
of 
226
Ra) is the largest contributor to the collective exposition to natural radiation of 
the population in the world (IAEA, 1989 and Nazaroff and Nero, 1988). 
On the other hand, human beings are also exposed to heavy metals through inhalation 
of air pollutants, consumption of contaminated drinking water, exposure to 
contaminated soils or industrial waste, or consumption of contaminated food. Food 
sources such as vegetables, grains, fruits, fish and shellfish can become contaminated 
by accumulating metals from surrounding soil and water. Heavy metal exposure 
causes serious health effects, including reduced growth and development, cancer, 
organ damage, nervous system damage, and in extreme cases, death. 
Heavy metals are metals that form poisonous soluble compounds and have no 
biological role, i.e. are not essential minerals, or are in the wrong form. Living 
organisms require varying amounts of "heavy 
metals". Iron, cobalt, copper, manganese, molybdenum, and zinc are required by 
humans. Excessive levels can be damaging to the organism. Some of the heavy metals 
such as Zn, Mn, Ni and Cu act as micro-nutrients at lower concentrations, they 
become toxic at higher concentrations. Intake of vegetables is an important path of 
heavy metal toxicity to human being. Many metals, particularly heavy metals are 
toxic, but some heavy metals are essential, and some, such as bismuth, have a low 
toxicity. Toxic metals can bioaccumulate in the body and in the food chain. Therefore, 
a common characteristic of toxic metals is the chronic nature of their toxicity. 
Exposure to metals may occur through the diet, from medications, from the 
environment, or in the course of work or play. 
This thesis elaborates the brief description of natural radioactivity measurement and 
heavy elements detection for assessing the total health hazards in the environment. 
This thesis is divided in to five chapters. 
 
 
Chapter-1 
This chapter describes a brief review of literature and gives an account of the history 
of the natural radioactivity, indoor radon, heavy metals and their health hazard effect.  
A brief description of metrological parameters, indoor radon concentration and radon 
induced health effects. Introduction of natural radioactivity and health effects due to 
radiation exposure is given. This chapter also contains heavy metal toxicity in 
environment and its adverse health effects. 
Chapter-2 
This chapter gives an account of measurement techniques of radium, thorium, 
potassium, radon and heavy elements, materials and various instruments used in the 
present study. The techniques of radon measurement may be divided in two categories 
- Instantaneous radon measurement techniques and time integrated long term radon 
measurement techniques. For radon measurement “Track etch technique” is one of the 
most widely used techniques. In this technique, solid state nuclear track detector 
(SSNTD) is a monitoring device. The principle of detection consists of the damage 
imparted in the detector material by alpha particles from radon and its decay products. 
The damage imparted in the detector is observed under optical microscope after 
chemical etching of SSNTDs. 
Radon exhalation rate is of prime importance for the estimation of radiation risk from 
various materials. In the present study “Sealed Can Technique” is used for radon 
exhalation measurements. 
For the measurement of natural  radionuclides, uranium (
238
U), thorium (
232
Th) and 
potassium (
40
K) in the studied samples, Gamma ray spectrometer was used. Which is a 
coaxial n-type HPGe detector (EG&G, ORTEC, Oak Ridge, USA) available at Inter-
University Accelerator Centre, New Delhi.  
 
 
 
Chapter-3 
This chapter deals with estimation of bulk etch rate of SSNTD’s (LR-115) and 
assessment of radon exhalation rate in terms of area and mass from various 
commodities. Bulk etch rate measurement was carried out using PHOENIX interface 
setup. Bulk etch rate is one of the important factors for controlling the track 
developments in SSNTDs, requires precise measurement of this parameter. The results 
on the bulk etch rates of LR-115 CN film under standard etch conditions of 2.5N 
NaOH and KOH at 60
0
C for 1 hour obtained using PHOENIX, are (3.78 ± 0.14) and 
(6.66 ± 0.03) µm respectively, which agree well with other reported measurements. 
From the experiment conducted in the present study, it is seen that the bulk etch rate 
for KOH is faster than NaOH for all the normalities. On the other hand Sealed “Can 
Technique” was used to measure radon exhalation rate. Solid State Nuclear Track 
Detectors (LR-115 Type II) is used for the experiment. LR-115 mainly detects the 
alpha particles which is having energy ranging from 1.7 to 4.8 MeV. Building 
construction materials to be investigated were collected from different construction 
sites in Aligarh and vicinity of Aligarh, Uttar Pradesh. Present investigation concludes 
that the radon effective dose is quite lower than the action level of 1 mSv for all the 
reported samples. 
Chapter-4 
This chapter presents the study of natural radioactivity measurements in various 
commodities like soil, fly ash and building constructions material using gamma ray 
spectrometer (available at Inter University Accelerator Centre, New Delhi). The 
activity concentration of three radionuclides 
226
Ra, 
232
Th and 
40
K and indoor, outdoor 
dose are determined. An attempt has been also made to determine the radium 
equivalent activity and external hazard index in various commodities. The presence of 
natural radioactivity level in all the samples have been found to be well below the 
permissible limits of 1000 Bqkg
-1
, 1000 Bqkg
-1 
and 4000 Bqkg
-1
 for 
226
Ra, 
232
Th and 
40
K, respectively. The absorbed and effective dose values are well below the 
permissible limits and the calculated results for indoor and outdoor annual effective 
dose due to natural radioactivity of studied samples are lower than the average world 
recommended level of 1mSvy
-1
 for the individual member of public. 
Chapter-5 
This chapter reveals the study of detection of heavy elements and micro, macro 
nutrients in various commodities. Heavy metal exposure causes serious health effects, 
including reduced growth and development, cancer, organ damage, nervous system 
damage, and in extreme cases, death. Exposure to some metals, such as mercury and 
lead, may also cause adverse health effects. Assessment of health risk from heavy 
element contamination in soil, fly ash and building construction material were 
performed using Atomic Absorption Spectrometer (available at IUAC, New Delhi). 
The concentrations of all the investigated elements presented in this study are quite 
lower than the elemental composition of soil and fly ash but for the building 
construction materials the levels are higher than the maximum trace element contents. 
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1.1 Introduction and Literature review 
All creatures, including human beings, are being exposed to natural background 
radiations since their existence. These radiations include terrestrial and extra terrestrial 
radiations. After discovery of X-ray and radionuclides, human beings are also been 
exposed to manmade radiations. Uranium is naturally occurring radioactive nucleus 
present in trace amount throughout the Earth crust. Radon is a progeny of uranium 
decay series formed from radioactive decay of radium in the environment, soil, ground 
water, oil and gas deposits. Radon is the primary source of naturally occurring alpha 
radiation present everywhere in the environment with varying concentration.  
1.2 General Introduction to Radiations 
The term "radiation" is very broad, which also includes light and radio waves. Ionizing 
radiation consists of subatomic particles or electromagnetic waves that are energetic 
enough to detach electrons from atoms or molecules, ionizing them. The occurrence of 
ionization depends on the energy of the impinging individual particles or waves, and 
not on their number. In living tissues, the electrical ions produced by radiation can 
affect normal biological processes.  
Radiation that has enough energy to move atoms in a molecule around or cause them 
to vibrate, but not enough to remove electrons, is referred to as "non-ionizing 
radiation." Examples of this kind of radiation are sound waves, visible light, and 
microwaves.   
     World is radioactive since it has been created. Large number of radio nuclides 
(radioactive elements) can be found in nature, and they can be categorized as follow:  
 Primordial - formed before the creation of the Earth  
 Cosmogenic - formed as a result of cosmic ray interactions  
 Manmade - enhanced or formed due to human actions (minor amounts 
compared to natural)  
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Natural radioactivity exists in various geological formations in soils, rocks, plants, 
water and air as it is wide spread in the Earth's environment. Primordial sources (i.e. 
Terrestrial radionuclides viz. 
238
U, 
232
Th and 
40
K) and cosmogenic radiations are the 
main natural radioactive sources in the environment which are the cause of radiation 
doses. Human beings can be exposed to ionizing radiation through external sources 
(e.g. terrestrial radiation (the radionuclides in soils and rocks) and cosmic radiation) 
which irradiate the body with gamma photons, whereas the internal hazard requires the 
incorporation of radioactive materials into the body through ingestion or inhalation 
(through food, air and water). Once incorporated, the radionuclides are distributed in 
the body and irradiate living tissues at close quarters by alpha and beta particle 
emission, and gamma photons. Estimates of total radiation dose to the world 
population have shown that about 96 % is from natural sources while 4% is from 
artificial sources (Chougankar et al., 2003).  
Man made radioactivity (enhanced or formed due to human actions (minor amounts 
compared to natural) is the cause of radiation doses. Medical X-rays, fallout from 
nuclear weapon tests in the atmosphere, discharges of nuclear waste from nuclear 
industry and industrial gamma rays produces artificial radioactivity. Furthermore the 
accidents like Chernboyl have added radioactive materials like 
90
Sr, 
137
Cs, 
40
K etc. in 
the environment. Artificial radioactivity is no more different from natural 
radioactivity. However, it is easier in most case, to control artificial sources of 
radiation because; we can alter or cease the procedure producing the radiation. 
1.2.1 Types of Radiation 
There are various types of radiation, each having different characteristics. The 
common ionizing radiations are described as below, which are generally talked about:  
 Alpha radiation consists of heavy, positively charged particles emitted by 
atoms of elements such as uranium and radium. Alpha radiation can be stopped 
completely by a sheet of paper or by the thin surface layer of our skin 
(epidermis). However, if alpha-emitting materials are taken into the body by 
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breathing, eating, or drinking, they can expose internal tissues directly and 
may, therefore, cause biological damage.  
 Beta radiation consists of electrons. They are more penetrating than alpha 
particles and can pass through few centimetres of water. In general, a sheet of 
aluminium a few millimetres thick will stop beta radiation.  
 Gamma rays are electromagnetic radiation similar to X-rays, light, and radio 
waves. Gamma rays, depending on their energy, can pass right through the 
human body, but can be stopped by thick walls of concrete or lead.  
 Neutrons are uncharged particles and do not produce ionization directly. But, 
their interaction with the atoms of matter can give rise to alpha, beta, gamma, 
or X-rays, which then produce ionization. Neutrons are penetrating and can be 
stopped only by thick masses of concrete, water or paraffin.  
Although we cannot see or feel the presence of radiation, it can be detected and 
measured in the minutest quantities with the help of quite simple radiation measuring 
devices.  
1.3 Uranium, Thorium and Potassium (Terrestrial Radionuclides) 
Terrestrial radiation exposure, mainly in the form of gamma radiation, is due to 
primordial radionuclides in the Earth crust. Because of their extremely long half-lives, 
they have existed since the existence of the Earth. Especially potassium 40 and the 
nuclides of the uranium-radium and thorium series are relevant with respect to 
radiation exposure of the population. Uranium and thorium disintegrate, via several 
decay products, to stable lead.  The concentrations of the natural radio nuclides, 
238
U, 
232
Th,
 
their daughter products and 
40
K, present in the soils and rocks, which in turn 
depend upon the local geology of each region in the world (Radhakrishna et al., 1993; 
Quindos et al., 1994), which are causes of variation of doses. Certain regions of the 
world have particularly high absorbed dose rates due to ambient radiation produced by 
high activity concentrations of natural radioactive substances in the soil (thorium 
containing monazite sand in Brazil and India, granite rock with high thorium and 
uranium contents in France).  
10 
 
1.4 Natural Radioactivity & Radioactive Decay Series 
Following figure 1.1 describes the radioactive decay.  
 
Figure 1.1 Radioactive decay chain 
 
1.5 Uranium and Thorium Decay Series  
(As shown in figure 1.2 & 1.3) 
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Figure 1.2 
238
U decay series (Adopted from Radiation Safety division Bhabha Atomic Research 
centre, Mumbai India)  
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Figure 1.3 
232
Th decay series (Adopted from Radiation Safety division Bhabha Atomic Research 
centre, Mumbai, India) 
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1.6 Uranium 
Uranium is a very dense, ductile, silver-white, radioactive metallic element, naturally 
occurring in most rocks, soil, and even in the ocean! It is not at all rare, and in fact 
occurs more commonly than gold, silver or mercury. Uranium is found as an oxide or 
complex salt in minerals such as pitchblende and carnotite. It is formed from volcanic 
activity and has an average concentration in the Earth's crust of about 2 parts per 
million. Uranium has such a long radioactive half-life (4.47x10
9
 years for 
238
U), the 
total amount of it on Earth stays almost the same. Uranium found naturally has three 
different isotopes, 
238
U, 
235
U, and 
234
U. Due to its high abundance in total natural 
uranium 99.28% by weight (Wilkenning, 1990), 
238
U is the isotope of interest and in 
addition it is the parent element of the most frequently studied isotope of radon, 
222
Rn. 
All uranium isotopes are radioactive. 
All isotopes of uranium are radioactive, with most having extremely long half-lives. 
Each radionuclide has a characteristic half-life. Half-lives vary from millionths of a 
second to billions of years. The longer the half-life of a radionuclide, the less 
radioactive it is for a given mass. The half live of uranium-238 is about 4.5 billion 
years, uranium-235 about 700 million years, and uranium-234 about 25 thousand 
years. Uranium atoms decay into other atoms, or radionuclides, that are also 
radioactive. Uranium and its decay products primarily emit alpha radiation, however, 
lower levels of both beta and gamma radiations are also emitted. The total activity 
level of uranium depends on the isotopic composition and processing history. A 
sample of natural uranium (as mined) is composed of 99.3% uranium-238, 0.7% 
uranium-235, and a negligible amount of uranium-234 (by weight), as well as a 
number of radioactive decay products. 
In general, 
235
U and 
234
U pose a greater radiological health risk than 
238
U 
because they have much shorter half-lives, decay more quickly, and are thus "more 
radioactive." Because all uranium isotopes are primarily alpha emitters, they are only 
hazardous if ingested or inhaled. However, because several of the radioactive uranium 
decay products are gamma emitters, workers in the vicinity of large quantities of 
uranium in storage or in a processing facility can also be exposed to low levels of 
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external radiation. People always experience exposure to a certain amount of uranium 
from food, air, soil and water, as it is naturally present in all these components because 
uranium is widely spread throughout the environment and so it is impossible to avoid 
uranium. 
1.7 Chemical Toxicity 
Exposure to uranium can result in both chemical and radiological toxicity. The main 
chemical effect associated with exposure to uranium and its compounds is kidney 
toxicity. This toxicity can be caused by breathing air containing uranium dusts or by 
eating substances containing uranium, which then enters the bloodstream. Once in the 
bloodstream, the uranium compounds are filtered by the kidneys, where they can cause 
damage to the kidney cells. Very high uranium intakes (ranging from about 50 to 150 
mg depending on the individual) can cause acute kidney failure and death. At lower 
intake levels (around 25 to 40 mg), damage can be detected by the presence of protein 
and dead cells in the urine, but there are no other symptoms. Also, at lower intake 
levels, the kidney repairs itself over a period of several weeks after the uranium 
exposure has stopped (Mathew and Otten, 2004).  
1.8 Radiological Toxicity 
Several possible health effects are associated with human exposure to radiation from 
uranium. Because all uranium isotopes mainly emit alpha particles that have little 
penetrating ability, the main radiation hazard from uranium occurs when uranium 
compounds are ingested or inhaled. However, workers in the vicinity of large 
quantities of uranium in storage or in a processing facility also are exposed to low 
levels of external radiation from uranium decay products. At the exposure levels 
typically associated with the handling and processing of uranium, the primary 
radiation health effect of concern is an increased probability of the exposed individual 
developing cancer during their lifetime. Cancer cases induced by radiation are 
generally indistinguishable from other "naturally occurring" cancers and occur years 
after the exposure takes place. The probability of developing a radiation-induced 
cancer increases with increasing uranium intakes (Mathew and Otten 2004). 
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1.9 Sources of Radiation Exposure 
Human beings are always exposed by artificial and natural radiations. These natural 
and manmade sources of radiation are shown in figure 1.4 and the figure 1.5 shows the 
contribution of natural and manmade sources.  
 
Figure 1.4  Sources of radiations 
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Figure 1.5  Contribution of natural and artificial radiations 
 
 
 
1.10 Radon and Thoron 
One of the decay products of uranium series is radon, a naturally occurring radioactive 
noble gas with a half-life of 3.82 days. Radon is a mobile, chemically inert radioactive 
element. Radon (
222
Rn) is a gaseous decay product of 
226
Ra (from 
238
U series). It has a 
half-life of 3.8 days. Radon has three isotopes. 
222
Rn is the most abundant isotope. 
 Thoron (
220
Rn) is a gaseous decay product of 
224
Ra (from 
232
Th series).It has a half-
life of 55.6s. Actinon (
219
Rn) is a gaseous decay product of 
223
Ra (from 
235
U series). It 
has a half-life of 3.96s. 
222
Rn is a main constituent of atmospheric radioactivity 
because it has the longest half-life among the three and concentration of 
219
Rn and 
220
Rn in air is not significant. Generally there is no immediate health effects from 
radon because it is noble gas with a lifetime, which is relatively longer than the 
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breathing time, most of it that is inhaled, is exhaled without decaying inside. Alpha 
particles are highly charged and more massive than other types of ionizing radiation, 
they damage the living tissues more. (Matiullah, 2000) 
1.10.1 Discovery of Radon  
Friedrich Ernst Dorn discovered radon in 1900, it was originally named as „niton‟, 
from the latin word “nitens” which means shining. In 1923 it was renamed as radon as 
it is a decay product of radium. Other isotopes of 
220
Rn and 
219
Rn were discovered by 
R. B. Owens and E. Rutherford in 1898 and F. O. Giesel. 
1.10.2 Physical & Chemical Properties of Radon 
Most of the elements of uranium series are solids, one known as radon, Rn, which is a 
mobile, radioactive and chemically inert gas. The emanation of radon from mineral 
crystal in to the pore structure of the rock from where it may migrate through fracture 
network towards the free atmosphere as shown in figure 1.6. 
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Figure 1.6 Migration of radon through fracture 
However the liberated radon itself decays in to microscopic solid particles which are 
known as radon daughters. These radon daughters may adhere to dust or other aerosol 
particulates or remains suspended as free ions in ambient air. There has been an 
increasing interest in the measurement of the indoor radon concentration and natural 
radioactivity throughout the world over the last several decades.  Its atomic number of 
86 makes it a noble element and therefore both non-reactive chemically and atomically 
mobile at normal temperatures. It is colorless, odorless heaviest known mononuclear 
gas at 298 K. The three naturally produced isotopes 
222
Rn, 
220
Rn and 
219
Rn decay by 
emitting alpha particles. These alpha particles can be measured easily by any alpha 
detector.  
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1.10.3 Formation and Emanation of Radon 
When 
226
Ra disintegrates, a radon atom and an alpha particle form. Due to ejection of 
alpha particles the recoil effect arises.  This dislodges the radon atom from the place in 
the mineral lattice or molecule where the radium atom was. This movement of the 
radon atom which enables radon to emanate from a mineral grain (Fleischer, 1980; 
Kigoshi, 1971; Tanner, 1980). The radon atom could be ejected from the grain as a 
result of the movement, provided it was close to the surface, and was recoiled in an 
outward direction. In the same way, the radon atom could be ejected to a micro-fissure 
is by diffusion. Other thing is that radon could emanate from the mineral grain by 
diffusion through the mineral lattice or by leaching by water through radiation damage 
in the mineral grain (Fleischer, 1980; 1982). The contribution of radon to human 
exposure is shown in figure 1.7. 
 
 
Figure 1.7 Radon contributions to human exposure 
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1.10.4 Diffusion of Radon 
Diffusion rates of radon in air and water are vastly different. The diffusion constant 
“D” of radon in water is lower than that for air by a factor of 10,000. There is a mean 
distance of motion of radon isotope before it decays. Thus the average 
222
Rn atom 
moves about 1.6 cm in water saturated soil and 1.6 meters in dry porous soil. Data on 
the transition from D = 0.5 cm
2
s
-1
 for porous soil to 5x10
-6
 cm
2
s
-1 
for saturated porous 
soil with percent water content in soil. (Nazaroff and Nero 1988).  
1.10.5 Transport of Radon 
There are two basic means for the movement of radon, one is diffusion and another is 
forced flow. Diffusion inevitably occurs, even though its extent may be limited. Hence 
diffusive migration sets a lower limit for the transportation of radon. Pressure gradient 
is the cause of forced flow. There are numerous hypothetical origins of such gradients, 
but a few occasionally are dependably known to be active. In such cases diffusive 
effects are imposed on pressure gradients.  
    The noble gas isotope 
222
Rn is formed by the decay of 
226
Ra.  As 
226
Ra is one 
of the nuclides formed in the disintegration series of 
238
U, the amount of radon formed 
in rocks and soils depends on their uranium content. There are different way to 
determine the radon concentration in air, and the pores of the soil, also determined by 
the extent to which the radon atoms formed actually emanate from the mineral grains 
and whether radon can leave the pore space either by diffusion or together with a flow 
of air or water. Transportation of radon through the soil takes place by diffusion or 
with air ambient gases e.g. CO2 and CH4 or water moving in the soil horizons. As 
radon is having limited life it disintegrates after a certain diffusion distance. 90% of 
the radon emanated from radon source, e.g a deep lying soil horizon, and transported 
by diffusion , will have decayed after a distance of 5 cm in water, about 2 m in sandy 
soil ,with a normal moisture content and 5 m in air (UNSCEAR, 1982). The transport 
distance for thoron is insignificant because of its half life i.e. 55.6 seconds.  
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1.10.6 Sources of Indoor Radon 
1. Cracks in solid floors 
2. Construction joints 
3. Cracks in walls below ground level,  
4. Gaps in suspended floors 
5. Cracks in walls,  
6. Gaps around service pipes, 
7. Cavities in walls 
as depicted in following figure 1.8. 
 
 
Figure 1.8 Sources of indoor radon 
         
 Main sources of radon in the environment are due to the widespread distribution 
of uranium. Radon from soil is by far the main source of indoor radon. The main 
contributors to the indoor radon levels are  
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1.10.6 (a) Soil 
In the indoor atmosphere soil is the primary source of radon which is found in 
trace quantities. Radon gas, which is chemically inert, transports through soil and into 
dwellings through cracks and other openings in the building materials directly.  There 
are two mechanisms by which radon enters from soil:  the first mechanism is the 
movement of radon by molecular diffusion through the air pore system in soil and the 
second significant mechanism of entry is the forced flow which is created by forces 
that drive air infiltration into buildings viz. the thermal stack effect and wind loading 
on the building shell. Fractures and holes in building foundations (as small as 0.5 mm) 
are enough to allow convective migration and gas transport. 
(b) Building Material 
As a source of indoor radon building materials are more easily characterized than soil 
or rocks which constitute building materials. Earlier studies indicate that the strongest 
radon emanator is concrete and weakest, the wood. (Ingersoll, 1983)  Though uranium 
content in materials might be approximately the same but the radon emanation rates 
might be different. Thus for example granite and rocks used for heat storage have a 
higher uranium concentration than concrete and even then they exhale radon at lower 
rates. The physical properties of the various classes of materials account for the wide 
dispersion of escape to production ratios and thus it is felt necessary to measure the 
radon exhalation rate for various materials.  
(c) Water 
As the diffusion length prior to disintegration is small, radon that emanates from soil 
to pores filled with ground water remains in the water filled pores. Only if the ground 
water is moving rapidly does any significant amount of radon escape from it. The 
ground water radon concentration in the soil horizon is normally 10-200 Bq.l
-1
. A high 
uranium concentration in the bedrock does not always mean a high radon 
concentration in the water. In normal circumstances, radon escaping from groundwater 
in the soil does not give rise to higher concentration in buildings.  The reason is partly 
that concentrations in the soil air are normally as high as in groundwater, partly that 
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the water content in the soil horizon immediately above the water level is so high that 
diffusion through the soil is prevented. Only if the concentration of radon in the 
groundwater is much higher than that in the soil-gas and if the groundwater is in 
motion or flows out at the surfaces, then sufficient radon will be released to affect its 
concentration in the building. 
(d) Metrological Parameters 
Radon emanation rate is found to be affected by varying environmental conditions. 
one research group found pressure dependence for long term emanation rates from 
concrete walls. (Jonassen and Mclaughlin (1977). However, other research group 
didn‟t observe any detectable increase in emanation rate with a pressure drop down to 
20 inches of mercury for 2 to 3 days (Ingersoll (1981). So the effect of temperature is 
uncertain. Radon exhalation from concrete samples is higher with increase in 
temperature (Stranden et al., 1984).  However at room temperature concrete is not 
having any sensitive parameter which may effect the emanation rate (Auxier et al, 
1973). Moisture has been found to have significant effect on the radon emanation rate. 
It was found that by increasing the moisture of the concrete sample by 4% (weight) 
there was an increase in radon emanation of about 100% (Ingersoll (1981). 
1.10.7 Radon Induced Health Effects 
The exposure to radon and its progeny can give rise to many health related 
malignancies. It is the well known fact that radon is associated with lung cancer since 
several studies have reported risk of leukaemia, melanoma, cancer of kidney and 
prostate from radon. Radon and its progeny were regarded as radiation health hazards 
encountered only in the mining and processing of uranium ores. Radon is the second 
leading cause of lung cancer (Sevc et al., 1976). Several studies have been carried out 
since 1979 for indoor radon exposure and lung cancer risk for general population. 
Taking these studies altogether, the role of radon as a cause of lung cancer is well 
supported by epidemiological observations.  As a result of increasing efforts to 
measure radon in dwellings, mines other than uranium mines and workplaces 
suspected to have high atmospheric radon levels. In cold and temperate regions, 
particularly in winter season, energy conservation measurements have been taken in 
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buildings which resulted as, high radon concentration with poor ventilation. According 
to assessment given by the United Nations Scientific Committee on the Effects of 
Atomic Radiation (UNSCEAR, 2000) environmental radon accounts for half the 
human exposure to radiation from natural sources. 
1.11 Internal Exposure 
In homes and buildings, there are radioactive elements in the air. These radioactive 
elements are radon (
222
Rn), thoron (
220
Rn) and by products formed by the decay of 
radium (
226
Ra) and thorium present in many sorts of rocks, other building materials 
and in the soil. As human beings spend almost 80% time indoors so they are exposed 
to radiations. Radioactive particles can lodge in the lungs and remain for a long time. 
As long as it remains and continues to decay, the exposure continues. Inhalation is of 
most concern for radionuclides which emits alpha or beta particle. Alpha and beta 
particles can transfer large amounts of energy to surrounding tissue, damaging DNA 
or other cellular material. This damage can eventually lead to cancer or other diseases 
and mutations. The foods we take, the water we drink are the major sources of radon, 
thoron, uranium, caesium etc.  
 1.12 External or Direct Exposure 
Another pathway of concern is direct or external exposure from radioactive materials.  
There is but a limited concern about alpha particles because they cannot penetrate the 
outer layer of skin, but if you have any open wounds you may be at risk. Greater 
concern about beta particles arises as they can burn the skin in some cases, or damage 
eyes. Greatest concern is also about gamma radiation. Different radionuclides emit 
gamma rays of different strength, but gamma rays can travel long distances and 
penetrate entirely through the body.  
The radiation exposure due to cosmic rays is very much dependent on altitude, and 
slightly on latitude: people who travel by air, they are getting more exposure to 
radiation.  
Additionally, we are exposed to varying amounts of radiation from sources such as 
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dental and other medical X-rays, industrial uses of nuclear techniques and other 
consumer products such as luminized wrist watches, ionization smoke detectors, etc. 
We are also exposed to radiation from radioactive elements contained in fallout from 
nuclear explosives testing, and routine normal discharges from nuclear and coal power 
stations. 
1.13 Monitoring and Controlling Exposure  
Radiation has always been present in the environment and in our bodies. The human 
body cannot sense ionizing radiation, but a range of instruments exists which are 
capable of detecting even very low levels of radiation from natural and man-made 
sources. There are some standard ways to restrain exposure to radiation: 
Time: For people who are exposed to radiation in addition to natural background 
radiation, minimizing the exposure time will reduce the dose from the radiation 
source. 
Distance: Radiation intensity decreases sharply with distance, according to an inverse 
square law. Air attenuates alpha and beta radiation. 
Shielding: Barriers of lead, concrete, or water give effective protection from radiation 
formed of energetic particles such as gamma rays and neutrons. Some radioactive 
materials are stored or handled underwater or by remote control in rooms constructed 
of thick concrete or lined with lead. There are special plastic shields which stop beta 
particles and air will stop alpha particles. The effectiveness of a material in shielding 
radiation is determined by its halve value thicknesses, the thickness of material that 
reduces the radiation by half. This value is a function of the material itself and the 
energy and type of ionizing radiation. 
Containment: Radioactive materials are confined in the smallest possible space and 
kept out of the environment. Radioactive isotopes for medical use, for example, are 
dispensed in closed handling facilities, while nuclear reactors operate within closed 
systems with multiple barriers which keep the radioactive materials contained. Rooms 
have a reduced air pressure so that any leaks occur into the room and not out of it.  
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1.14 Risks and Advantages of Radiations 
Radiation is not only harmful to human beings but it is just like a good friend too. We 
all face risks in everyday life. It is impossible to eliminate them all, but it is possible to 
reduce them. Not only exposure to radiation is harmful but also there are beneficial 
effects too. Radiation is a key tool in the treatment of certain kinds of cancer. 
Strenuous attempts are made in the nuclear industry to reduce such risks to as low as 
possible but the use of radiation and nuclear techniques in medicine, industry, 
agriculture and other scientific and technological fields has brought tremendous 
benefits to society.  
1.15 Radiation and Health 
Radioactive materials that decay spontaneously produce ionizing radiation, which has 
sufficient energy to strip away electrons from atoms (creating two charged ions) or to 
break some chemical bonds. Any living tissue in the human body can be damaged by 
ionizing radiation in a unique manner. In general, the amount and duration of radiation 
exposure affects the severity or type of health effect. There are two broad categories of 
health effects: stochastic and non-stochastic. Stochastic effects (i.e. Cancers and 
mutations viz. teratogenic or genetic) are associated with long-term, low-level 
(chronic) exposure to radiation. Non-stochastic effects appear in cases of exposure to 
high levels of radiation, and become more severe as the exposure increases. Short-
term, high-level exposure is referred to as 'acute' exposure. Acute health effects 
include burns and radiation sickness. Radiation sickness is also called 'radiation 
poisoning.' It can cause premature aging or even death. If the dose is fatal, death 
usually occurs within two months. The symptoms of radiation sickness include: 
nausea, weakness, hair loss, skin burns or diminished organ function. 
Radioactive Uranium and its major decay product radon are also the main causes of 
health effects in humans. Normal functioning of the kidney, brain, liver, heart, and 
numerous other systems can be affected by uranium exposure, because uranium is a 
toxic metal (Craft et.al., 2004) . The kidneys are the critical organ for uranium chemo 
toxicity. According to BEIR VI, 1999 the high dose of radon is second major cause of 
lung cancer after smoking.  
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1.16 Health Effects due to Radioactivity 
Ionizing radiations emitted by different radionuclides differ in their ability to penetrate 
matter depending upon the type of radiation emitted and its energy. Alpha particles are 
hardly able to penetrate the outer layer of skin and whenever it is emitted outside the 
body, they do not constitute a hazard. Beta particles are able to penetrate the outer layers 
of skin and when in contact, they give rise to dose to the skin. Gamma radiation is 
potentially more penetrating than alpha and beta and can deposit energy to internal 
organs when outside the body, the magnitude of which depends on the energy of gamma 
radiation emitted. Thus, internal and external exposures to the body from radionuclides 
and the relative importance of these exposures pathways depends upon the type of 
radiation and the radionuclides involved. Two types of health effect have been 
introduced to result from exposure to ionizing radiation, deterministic and stochastic 
effects.  Deterministic effects are those that occur at high doses and dose rates. These 
effects occur at dose levels far higher than those encountered from the exposure to 
radioactive materials under normal environmental conditions. Erythema or reddening of 
the skin is a form of deterministic effect that may result from skin exposure at 
instantaneous absorbed dose of 5Gy or more. The primary stochastic effect associated 
with radiation exposure is cancer induction. Most of the information relating radiation 
doses to an increased risk of cancer is derived from dose, exposed at higher doses and 
dose rates than normally encountered (e.g. Nagasaki and Hiroshima bomb survivors).  
Generally it is assumed that any resulting health detriment (e.g. cancer, cellular damage 
etc.) is brought about by exposure to a radioactive substance and is primarily a function 
of the amount of energy (as ionizing radiation) absorbed per unit mass of tissue through 
which it passes.  
It is difficult to demonstrate an increased cancer incidence at lower levels of dose and 
dose rate from radiation exposure because of the high natural incidence of cancer, which 
is a major confounding factor in the epidemiological studies. Uranium nuclides emit 
alpha rays of high ionization power and therefore, it may be hazardous if inhaled or 
ingested in greater quantity or dose. Uranium a primordial radionuclide occurs in 
dispersed state in the Earth‟s crust. (Dyck, 1979; Dunn,1981). Uranium present in the 
Earth is transferred to water, plants, food supplements and then to human beings. 
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Uranium accumulated in humans may have dual effect due to its chemical and 
radioactive properties. High intake of uranium and its decay products may lead to 
harmful effects in human beings. It is found from the studies that the food contributes 
about 15% of ingested uranium while drinking water contributes about 85%. (Cothern 
and Lappenbush, 1983) An exposure of about 0.1 mg/kg of body weight of soluble 
natural uranium results in transient chemical damage to the kidneys (Lussenhop et al., 
1958) 
1.17 Heavy Elements 
Heavy metals are metallic elements which have a high atomic weight and a density 
much greater (at least 5 times) than water. There are more than 20 heavy metals, but 
four are of particular concern to human health: Lead (Pb), Cadmium (Cd), Mercury 
(Hg), and inorganic Arsenic (As). According to the U.S. Agency for Toxic Substances 
and Disease Registry, these four heavy metals are four of the top six hazards present in 
toxic waste sites. They are highly toxic and can cause damaging effects even at very 
low concentrations. They tend to accumulate in the food chain and in the body and can 
be stored in soft (e.g., kidney) and hard tissues (e.g., bone). Being metals, they often 
exist in a positively-charged form and can bind on to negatively-charged organic 
molecules to form complexes. The body has need for approximately 70 friendly trace 
element heavy metals, but there are another 12 poisonous heavy metals, such as Lead, 
Mercury, Aluminium, Arsenic, Cadmium, Nickel, etc., that act as poisonous 
interference to the enzyme systems and metabolism of the body. 
Toxic metals are metals that form poisonous soluble compounds and have no 
biological role, i.e. are not essential minerals, or are in the wrong form. Often heavy 
metals are thought as synonymous, but lighter metals also have toxicity, such as 
beryllium, and not all heavy metals are particularly toxic, and some are essential, such 
as iron. Toxic metals sometimes imitate the action of an essential element in the body, 
interfering with the metabolic process to cause illness. Many metals, particularly 
heavy metals are toxic, but some heavy metals are essential, and some, such as 
bismuth, have a low toxicity. Toxic metals can bio accumulate in the body and in the 
food chain. Therefore, a common characteristic of toxic metals is the chronic nature of 
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their toxicity. This is particularly notable with radioactive heavy metals such as 
thorium, which imitates calcium to the point of being incorporated into human bone, 
although similar health implications are found in lead or mercury poisoning. The 
exceptions to this are barium and aluminium, which can be removed efficiently by the 
kidneys. 
The toxicity of heavy metals depends on a number of factors. Specific 
symptomatology varies according to the metal in question, the total dose absorbed, and 
whether the exposure was acute or chronic. Some elements may have very different 
toxic profiles depending on their chemical form. Exposure to metals may occur 
through the diet, from medications, from the environment, or in the course of work or 
play. Where heavy metal toxicity is suspected, time taken to perform a thorough 
dietary, occupational, and recreational history is time well spent, since identification 
and removal of the source of exposure is frequently the only therapy required. 
In total, however, occupational exposure has probably accounted for the vast majority 
of heavy metal poisonings throughout human history. 
1.17.1 Causes of Heavy Metal Toxicity 
The prominent causes of heavy metal toxicity are environmental sources that may be 
based in the food that is consumed or the water that is being drunk or even over 
exposure to industrial metals and chemicals. One‟s environment and living habits 
often decide on the level of heavy metal toxicity that a person is being exposed, as 
shown in figure 1.9. 
Often causes of arsenic toxicity include the inclusion of arsenic to be found in insect 
poison, drinking water sources and skin contact from oils like linseed oils besides 
others. 
Acute exposure can occur as a result of: 
 Receiving vaccinations that contain thimerosal (mercury preservative) 
 Mishandled metals at a job site 
 Chemical and heavy metal spills–even from a broken mercury thermometer  
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Chronic exposure happens over a period of time, and includes: 
 Having mercury amalgams ("silver fillings") in teeth 
 Living in a home built prior to 1978 that has lead-based paint 
 Smoking and/or inhaling second-hand smoke 
 Eating foods (such as contaminated fish) that contain high levels of heavy 
metals 
 Living near a landfill 
 Working in an environment where exposure is prevalent, such as at a dentist‟s 
office where amalgam is used to fill cavities  
 
Figure 1.9 Sources and sinks of heavy metals 
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1.17.2 Risk Factors of Heavy Metal Toxicity 
There are many risk factors which are associated with heavy metal toxicity. The 
biggest problem is that one is often unaware of the heavy metal toxicity and its dire 
consequences till it is already too late. The subtlety of the effect and the prolonged 
consequences make this a very potentially harmful disease. In order to be aware of the 
risks of heavy metal toxicity, one needs to be aware of the sources of such poisoning.  
Some of the main sources of heavy metal toxicity occur through: 
 Consumption of contaminated water 
 Consuming fish contaminated in mercury  
 Mercury contamination from badly fitted dental fillings.  
 Poisoning from vaccinations containing thimerosal.  
People who are at risk from heavy metal toxicity are those who work in factories 
without proper detoxification precautions, exposure to metals by living in old houses 
and peeling paints, consuming water in areas with high arsenic levels, consuming food 
that is not organic. 
1.17.3 Conventional Treatments of Heavy Metal Toxicity 
Initial steps in treating heavy metal toxicity involve identifying of the toxic elements 
that are causing the problem and then begin the removal process of these very metals 
from the body. Hair analysis, urine collection with the use of chelating drugs is often 
some of the easiest process of diagnosis.  
Once the problem is identified treatment is more individualistic purely based on the 
type of problem one has. Most treatment process involves use of metal chelating drugs 
or intravenous EDTA chelation. Some patients are also recommended intravenous 
Vitamin C and replacement mineral infusions that support the body through the metal 
removal process. Treatment is often successful in curing most of the symptoms though 
some may linger, which again indicate residual damage to the system.  
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1.17.4 Health Effects of Heavy Metals 
Environmental contamination and exposure to heavy metals such as mercury, 
cadmium and lead is a serious growing problem throughout the world. In today‟s 
industrial society, there is no escaping exposure to toxic chemicals and metals.  
In general, heavy metals are systemic toxins with specific neurotoxic, nephrotoxic, 
fetotoxic and teratogenic effects. Heavy metals can directly influence behaviour by 
impairing mental and neurological function, influencing neurotransmitter production 
and utilization, and altering numerous metabolic body processes. 
The liver and kidneys as well as the gallbladder and lymphatic system are major 
"filters" of the blood system, removing toxic wastes and debris. The kidneys especially 
aid in ridding the body of excess "acids" while rebalancing critical pH. If these 
"filters" are damaged or continuously unclean, your blood will remain laden with 
debris and heavy metals that could travel to your brain and cause a stroke, or become 
part of the cholesterol plaque hardening your arteries and veins, or become "stones" 
painfully lodged in your kidneys. The clean and efficient functioning of key blood 
filtering organs is critically essential for life. 
Toxic metals set up conditions that lead to inflammation in arteries and tissues, 
causing more calcium to be drawn to the area as a buffer, contributing to hardening of 
the artery walls with progressive blockage of the arteries and osteoporosis. 
Most heavy metals are readily transferred across the placenta, found in breast milk, 
and are well known to have serious detrimental effects on behaviour, intellect and the 
developing nervous system in children (R M Parr, 1983). 
1.17.5 Fireworks and Heavy Metals 
The explosion of fireworks has been discovered to be a source of intense heavy metal 
release. The fireworks that are displayed in the skies to celebrate events such as 
Independence Day and New Years Eve, etc. contain carcinogenic sulphur-coal 
compounds. Fireworks spread an odour of black gunpowder and spreads radioactive 
barium, which makes the green sparkling colour and considerable amounts of 
33 
 
strontium, along with arsenic, mercury, cadmium, lead, copper, zinc and chromium. 
These toxic metals have been measured and found to be four to five times elevated in 
the air after the fireworks displays. The increased heavy metal exposure constitutes a 
direct risk for people with asthma, metal allergies and chemical sensitivities. Infants 
and children are particularly vulnerable and may suffer permanent damage. Many pet 
owners and farmers are concerned and wild life remains completely unprotected. 
Many displays are over lakes and other bodies of water, used for drinking water and 
recreational swimming. This is discouraging and demoralizing to learn that such a vast 
pollution release on one single occasion is permitted. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
34 
 
References 
 Auxier J A, Christian D J, Jones T D, Kerr G D, Perdue P T, Shinpaugh W H 
and Thorngate J H, 1973, Contribution of natural terrestrial sources to the 
total radiation dose to man. Oak Ridge National Laboratory, ORNL-TM-
4323. 
 BEIR VI Biological Effects of Ionizing Radiation (BEIR) VI Report: 1999, 
“The health effects to exposure to indoor radon”. National Academy of 
Science., Washington, D.C. 
 Chougankar M P, Eppen K P, Ramachandran T V, 2003,  Profiles of doses to 
 Cothern C R, Lappenbusch W L, 1983, Occurance of uranium in drinking 
water in the U S. Health Phys. 45, 89-99. 
 Craft Elena S,  Aquel W Abu-Qare,  Meghan M Flaherty,  Melissa C Garofolo, 
Heather L Rincavage,  Mohamed B Abou-Donia, 2004, Depleted and natural 
uranium: Chemistry and toxicological effects, Journal of Toxicology and 
Environmental Health, Part B, 7:297–317. 
 Dunn C E, 1981, The bio-geological expression of deeply buried uranium 
mineralization in Saskachewan, Canada. J. Geol. Explor., 14, 437. 
 Dyck W, 1979, Application of hydro geochemistry to the search of uranium. 
Eco Geolog. Report, 31, 489. 
population living in the high background radiation areas in Kerala. J Environ 
Radioact 71, 275–295. 
 Fleischer R L, 1980, Isotopic diseqillibrium of uranium: Alpha recoil damage 
and preferential solution effects, Science 207, 979-981. 
 Fleischer, R L, 1982, Alpha-recoil damage and solution effects in minerals: 
uranium isotopic disequilibrium and radon release. Geochim. Cosmochim. 
Acta 46, 2191–2201 
 Ingersoll, J G, 1981, A survey of radionuclide content and radon emanation 
rates in building materials used in the U.S.A. Lawrence Berkeley Laboratory, 
LBL repot-11771.  
 
35 
 
 Ingersoll, J G, 1983, A survey of radionuclide content and radon emanation rates 
in building materials used in the U. S. A., Health physics. 45, 363-368. 
 Jonassen N, Mclaughlin J P, 1977, radon in indoor air, II Ling by; technical 
University of Denmark, Laboratory of Applied Physics I (Research Report). 
 Kigoshi K, 1971, Alpha recoil 234Th: Dissolution in to water and the 234 U/ 238U 
disequilibrium in nature, Science 173, 47-48. 
 Lussenhop A J, Gallimore J C, Sweat W H, Struxness E G, Robinson, 1958, 
The toxicity in man of hexavalent uranium following intravenous admission, 
Anna. J. Roentgenol, 79, 83. 
 Mathew D, Edward J Otten, 2004, chemical and radiological toxicity of 
depleted uranium, Military Medicine, vol. 169, no.3, 212-216. 
 Matiullah, 2000, Radiation Physics, Allama Iqbal Open University, Islamabad, 
Pakistan. 
 Nazaroff, W W, Nero A V, Jr. eds., 1988, Radon and its decay products in 
indoor air: New York, John Wiley and Sons, Inc., New York., 518. 
 Parr R M, 1983, Trace elements in human milk, IAEA Bulletin, Vol. 25 no. 2, 
7-15. 
 Quindos, L S, Fernandez P L, Soto J, Rodenos C and Gomez J, 1994, „Natural 
radioactivity in Spanish soils, Health Physics, 66, 194–200. 
 Raddhakrishna, A P, Somashekarappa, H M, Narayna, Y, Siddappa, K., 1993, 
A new natural background radiation area on the Southwest coast of India, 
Health Phys., 65, 390- 395. 
 Sevc J, Kunz E,  Placek V, 1976, Lung cancer in uranium miners and long 
term  exposure to radon daughter products. Health Phys., 30, 433-437. 
 Starnden, E, Kolstadt, A K, Lind B, 1984, Radon exhalation: Moisture and 
temperature dependence. Health Phys. 44 (2) 145-151. 
 Tanner A B, 1980, Radon Migration in the ground: A supplementary Review. 
In the Natural Radiation Environment III (eds. T. F. Gesell and W.M. Lowder), 
National Technical Information Service, Springfield, VA. CONF-780422, pp. 
5-56. 
36 
 
 UNSCEAR, 2000. Sources and effects of ionizing radiation. United Nations 
Scientific Committee on the Effect of Atomic Radiation, United Nations, New 
York. 
 UNSCEAR, United Nation Scientific Committee on the Effects of Atomic 
Radiation, 1982. Exposures to Natural Radiation Sources, Annex B. 
 Wilkening M, 1990, radon in environment, Elsevier Science publishers, B. V. 
 
 
 
 
 
 
 
 
 
37 
 
CHAPTER-2 
EXPERIMENTAL 
TECHNIQUES, 
MATERIALS & 
METHODS 
 
 
 
 
 
38 
 
2.1 Introduction 
Many techniques have been established for measuring the radiation in the 
environment. These techniques are based on the detection of emissions from the decay 
of radioactive material and its daughter products. Most of the methods are based on 
the detection of alpha particles, some on detection of beta emission while a few utilize 
gamma decays. Numerous methods and a variety of instruments are available for 
detection of such radiations. Brief descriptions of the methods and instruments used 
for present study are given below: 
2.2 Radon Measurement Techniques 
Lots of techniques are available for measuring the concentration of radon in air, soil, 
water and in dwellings. These techniques are divided in two categories: 
1. Instantaneous radon measurement technique 
2. Time integrated long term radon measurement techniques 
In the present study time integrated long term radon measurement technique is used to 
measure radon concentration in the samples under investigation. 
2.2.1 Time Integrated Long Term Radon Measurement Techniques 
 Time-integrated schemes involve the accumulation of radon over longer period of time 
from a few days to a week or more. In these techniques, the radon is measured either 
directly by detecting the alpha emission or indirectly by detecting the radioactive 
decay products of radon.  
2.2.1.1 Solid State Nuclear Track Detectors (SSNTDs) 
The use of solid state nuclear track detectors (SSNTDs) has become a well-known 
technique which has been widely applied in monitoring concentrations of radon gas by 
recording their emitted alpha particles. The development of methods for long-term 
integration measurements of radon progeny concentrations based on alpha 
spectrometry employing SSNTDs, however, are still being explored. There are several 
types of SSNTDs including inorganic crystals, glasses and plastics. Different type of 
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plastic track detectors viz. Bisphenol-A polycarbonate (lexan, Makrofol), Allyl 
diglycol (CR-39) and cellulose nitrate (LR-115, CN-85) are available that record alpha 
energies of particular ranges. Visible tracks in different materials can only be 
produced if the specific energy loss (-dE/dx) is above the minimum threshold value for 
that material. For heavy particles, the etched track method was developed in nuclear 
physics experiments for cosmic rays and then it was applied for radon monitoring 
(Fleischer, 1965, Alter and Fleischer, 1981). These SSNTDs are insensitive to fast 
electrons, gamma rays and even protons.  SSNTDs also have advantage to be mostly 
unaffected by humidity, low temperature, moderate heating and light. These nuclear 
tracks in solids can be revealed by a variety of techniques, one of the simple and most 
widely used techniques is preferential chemical etching and then tracks can be counted 
by optical microscope.  
2.2.1.1 (a) LR-115 Type II Detector   
Commercially available, LR-115 type II films manufactured by DOSIRAD, France, 
are used in this study for detection and measurement of alpha radiation. LR-115 
consists of an active layer or cellulose nitrate (chemical compositionC6H8O9N2) of 
thickness 11.5 to 12.0 µm which is coated on 100 µm clear polyester base (PET). LR-
115 Type II SSNTD mainly detects the alpha particles having energy ranging from 1.7 
to 4.8 MeV (Jonsson, 1981; Abu-Jarad et al., 1980). Accordingly, the plate out of radon 
daughters on the surface of LR-115 will not be registered because of their alpha 
energies (6.0 and 7.68 MeV from 
218
Po and 
214
Po, respectively) being more than its 
upper threshold value. 
2.3 Track Formation Mechanism 
When a heavily ionizing nuclear charged particle passes through an insulating solid, it 
transfers a part or the totality of its energy to the electrons of the medium with a linear 
rate of energy loss, (dE/dx) that is function of the particle characteristics like mass, 
charge, energy and detector material used. The physical, chemical and other properties 
of the solid along and around the path of the particle change and a narrow path of 
intense damage is created. This radiation damage may consist of broken bonds, 
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displacement atoms, electronic and ionic defects, voids, clusters of defects etc (Hasse 
et. al. 2006). This narrow path is called latent track and the track recording materials 
are known as solid state nuclear track detectors. When the energy loss is above a 
critical value (dE/dx)min, called registration  threshold, below which tracks are not 
formed in solids and  it is specific for the detector used. The latent track then formed 
has a typical diameter of a few nm approximately 1 to 10 nm (Fleischer et al., 1975). 
Due to their size, latent tracks can only be visualized under extremely high 
magnification by means of transmission electron microscopes or other equivalent 
instruments. The etching process is made to enlarge tracks up to a diameter of few μm 
with the help of a suitable hot and concentrated chemical etchant like simple alkali 
(e.g., NaOH or KOH) or acid (e.g., HF or HNO3) depending upon the nature of 
SSNTD used. On the basis of experimental tests conducted, It has been concluded that 
two separate mechanisms of track formation exist, one for the inorganic solids and 
glasses and the other for organic solids or polymers. One is on the measurement of 
effects of electron irradiation on chemical dissolution rates of solids and other is on 
measurement of radial distribution of etchable damage in solids. 
For inorganic solids and glasses, the ion explosion spike model proposed by Fleischer 
et al. (1965), gives a considerably satisfactory explanation of track formation 
mechanism. According to the proposed model, a positively charged particle knocks 
out the orbital electrons of the atom lying in the vicinity of its path, thus producing the 
cylindrical region full of positive ions. These positive ions there upon repel each 
another violently, thus disturbing and distorting the regular lattice in a crystalline solid 
and producing a more or less cylindrical region (Bonfiglioli et al., 1961; Lindhard and 
Thomson, 1962; Chadderton and Montagu Pollock, 1963; Benton, 1967; Fleischer et 
al., 1967). This is as shown in figure 2.1, given below.  
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Figure 2.1 The ion explosion spike mechanism for track formation in inorganic 
solids 
On the other hand, in case of organic polymers and plastics it is believed that both the 
primary and secondary ionization and excitation play an important role in the 
production of etchable tracks in the organic polymers. These broken molecular chains 
rarely unite at the same place, instead they produce broken bonds and free radicals etc. 
which are chemically more reactive as shown in figure 2.2. 
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Figure 2.2 Chain scission and track formation in organic polymers 
 
2.4 Track Etch Technique 
It is one of the most widely used techniques for radon measurement due to its 
simplicity and no involvement of electronics, low cost and feasibility in extensive 
radon surveys.  (Fleischer et al., 1975; Frank and Benton, 1977; Alter and Fleischer, 
1981; Durrani and Bull, 1987; Klies et al., 1992; Bhagwat, 1993; Ramchandran, 1998; 
Virk, 1999;  Singh et al., 2001; Srivastava et al., 2001). In this technique, monitoring 
device used is SSNTD. The principle of detection involves the damage imparted in the 
detector material by alpha particles from radon and its decay products. Heavily 
ionizing particles passing through insulating medium, leave narrow trails of damage 
approximately (~30-100 Å) on an atomic scale. By chemical etching these latent tracks 
can be enlarged to microscopically visible size. Then damage imparted in the detector 
is observed under optical microscope. Number of tracks per unit area in the detector is 
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proportional to the average exposure rate and exposure time. Exposure time can range 
up to a year or more. Though several detector materials have been developed but LR-
115 and CR-39 are the two most popular track detectors, which are being used for 
radon dosimetery. There are some strong drawbacks in the use of solid-state nuclear 
track detectors viz. 
 They only integrate the received flux of particles and therefore are not active 
detectors  
 Track etch technique has poor sensitivity for integrated time periods of less than 
one month. In studies of indoor radon, monitoring time periods of about three 
months is adequate. 
2.4.1 Constant Temperature Etching Bath 
Chemical etching is conventional method employed for track-counting by optical 
microscope for SSNTDs. Constant temperature water bath has been used for the 
present study shown in figure 2.3.  It provides an accurate and precise temperature 
control of the etchant solution which results in to optimal track etching. 
 
Figure 2.3 Constant temperature etching bath 
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2.5 Optical Microscope 
The counting of alpha tracks has been done using a CCTV camera in trinocular 
optical research microscope at a magnification of 400× shown in figure 2.4. It has 
motion along three mutually perpendicular directions. Paired eyepieces objectives 
4×, 10×, 40×, 100× are available. This microscope can be used in any stage of 
colour contrast and in dark and bright fields.  
 
Figure 2.4 Optical Microscope 
2.6 Measurement of Radon Exhalation Rates  
2.6.1 Sealed Can Technique  
“Sealed can technique” has been used for the measurement of radon exhalation rates 
from coal, fly ash, soil, cement, and other building construction materials (Abu-Jarad, 
1988; Khan et al., 1992; Kant et al., 2001; Ramola and Choubey, 2003). The 
exhalation rate is the amount of radon emanated from a given sample per unit mass 
(for mass exhalation rate) or surface area (for surface exhalation rate) per unit time. A 
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known amount of given sample (100 g) is kept in plastic cans having size 7.5x7 cm. 
The LR-115 Type II plastic track detector (size 2x2 cm) is fixed on the bottom of the 
lid of each can with tape such that sensitive side of the detector always faced the 
specimen. The can is tightly closed from the top and sealed as shown in figure 2.5. 
After exposure time (~100 days), the detectors are removed and subjected to chemical 
etching process using etchant 2.5N NaOH solution at 60 
o
C for 70 min. The etched 
detectors are thoroughly washed and dried and the alpha tracks are counted using 
optical microscope. Radon exhalation rate is then calculated by using appropriate 
relationships. 
 
Figure 2.5 Can Technique set-up for radon exhalation rate measurement 
2.7 Measurement of Natural Radionuclides (
238
U, 
232
Th and 
40
K) 
2.7.1 Gamma-Ray Spectroscopy 
Gamma spectroscopy involves the spectroscopy of gamma ray emission from 
radionuclides. Now a day, there are so many techniques for the measurement of 
natural radioactivity but gamma-ray spectroscopy, is the best technique as far as 
analysis of radionuclides present in a substance. Most radioactive sources produce 
gamma rays of various energies and intensities. When these emissions are collected 
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and analyzed with a gamma spectroscopy system, a gamma energy spectrum can be 
produced. The gamma spectrum is characteristic of the gamma-emitting nuclides 
contained in the source. Gamma spectroscopy measures the energy and count rate of 
gamma rays emitted by radioactive substances. The detector is used to convert gamma 
ray energy into electric signal. Weak signal produced by the detector is amplified by 
the amplifier. The amplitude of electric pulse is proportional to the corresponding 
gamma ray energy. For measuring the distribution of input signals consisting of pulses 
Multi Channel Analyzer (MCA) is used, which is an electronic system coupled to a 
computer. The amplitude of an incoming analog pulse is digitized by the analog to 
digital converter (ADC). Each pulse having different amplitude is counted under a 
separate channel. The spectrum of number of counts vs. channel number displays on 
computer screen, which is used to find out the energies and intensities of particular 
gamma rays.  
2.7.1.1 High Purity Germanium (HPGe) Detector 
Germanium detectors provide significantly improved energy resolution in comparison 
to sodium iodide detectors. Commonly available germanium detectors produce the 
highest resolution. Gamma- ray spectroscopy detectors are passive materials that wait 
for a gamma interaction to occur in the detector volume. The photo electric effect, 
compton effect and pair production are the important interaction mechanisms. The 
advantage of HPGe detector is that  it can be stored at room temperature (when not in 
use just because of the absence of lithium drifting) but needs to be operated at the 
temperature of liquid nitrogen when in use (because at room temperature noise in 
germanium is very high due to thermal excitation). These detectors have higher 
resolution than that in case of NaI detector. HPGe detectors are made both in planer 
and co-axial configurations. The starting material for both these types can be either p 
or n type germanium. For gamma ray spectroscopy, detectors of large volume are 
needed. So as to get detectors of large volume they are constructed in cylindrical or 
co-axial geometry. Using HPGe detector, based on high-resolution gamma 
spectrometry system, the activity of samples is counted.  The detector used in the 
present study, is a co-axial n-type high purity germanium detector (make EG&G, 
ORTEC, Oak Ridge, US) as shown in figure 2.6.  The detector has a resolution of 2.0 
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keV and relative efficiency of 20% for 1.332 MeV gamma energy of Co-60. The 
output of the detector is analyzed using a 4K MCA system connected to PC. The 
spectral data is analyzed using the software “CANDLE” (Collection and Analysis of 
Nuclear Data using Linux Network) locally developed by Inter University Accelerator 
Centre (IUAC), New Delhi. The detector is shielded using 4” lead on all sides to 
reduce the background level of the system (Kumar et al., 2001). The efficiency 
calibration for the system is carried out using secondary standard source of uranium 
ore in geometry available for the sample counting.   
 
 
Figure 2.6 High Purity Germanium detector used in gamma-ray spectroscopy 
 
2.8 PHOENIX Interface for the Measurement of Thickness of LR-115 Detector 
PHOENIX Interface (Physics with Home-made Equipment & Innovative 
Experiments) 
This PHOENIX interface (figure 2.7), used for the thickness measurement, has been 
developed by IUAC, New Delhi, India. This device consists of an alpha detector (PN 
junction diode), pre-amplifier, shaping amplifier, peak detection and other interacting 
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logic circuits and is capable of processing energy signals from alpha, beta and gamma 
detectors. The digitization and the PC interfacing are provided by PHOENIX (Ajith 
Kumar et al., 2009). The Am-241 source used is a point source, and the foil holding 
stand is having collimation with an opening area 1 cm
2
.  
When an alpha particle falls on the alpha detector with in this set up, the electrical 
pulse so generated as signal is collected by the highly sensitive pre-amplifier and then 
converted in to a gaussian shaped pulse with the help of shaping amplifier. The height 
of the pulse is proportional to the charge collected which in turn is proportional to the 
energy of the incident particle. The height of the pulse is digitized by PHOENIX and a 
histogram indicating energy and the number of particles with that energy is made 
available. The energy resolution of this detector is around three percent.  
 
Figure 2.7 PHOENIX interface setup 
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2.9 Detection of Heavy Elements 
2.9.1 Atomic Absorption Spectrometer (AAS) 
 The term heavy elements are used to cover a diverse range of elements. A heavy 
metal is a member of a loosely-defined subset of elements that exhibit metallic 
properties. It mainly includes the transition metals, some metalloids, lanthanides, and 
actinides. Many different definitions have been proposed - some based on density, 
some on atomic number or atomic weight, and some on chemical properties or toxicity 
(John H. Duffus, 2002). Heavy elements enter in our environment through the 
following pathways (Rohit Srivastav, 2001) 
 Deposition of atmospheric particulates 
 Disposal of metal enriched sewage sludge and sewage effluents 
 By products of metal mining process 
The estimation of these metal input in to the environment is measured through AAS. 
Absorption spectroscopy, which is a spectro-analytical procedure for the quantitative 
determination of chemical elements, refers to spectroscopic technique that measures 
the absorption of radiation, as a function of frequency or wavelength. AAS measures 
the amount of light at the resonant wavelength which is absorbed as it passes through a 
cloud of atoms. As the number of atoms in the light path increases, the amount of light 
absorbed increases. By measuring the amount of light absorb, a quantitative 
determination of concentration of a particular element (the analyte) in a sample to be 
analyzed. AAS can be used to determine over 70 different elements in samples. 
Atomic absorption takes place when unexcited atoms absorb energy and become 
excited atoms. All atoms and their components have energy. The energy level at which 
an atom exists is referred to as its state.  
 Ground state: the electron contains the least energy possible and orbiting as 
close as it can to the nucleus 
 Excited state: the electrons contains more energy than its ground state and 
orbiting further from the nucleus of the atom 
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Therefore, unexcited atoms cause absorption whereas emission arises from excited 
atoms. 
Flame atomic absorption is a very common technique for detecting metals and 
metalloids analysis in environmental samples. It is very reliable and simple to use. The 
technique is based on the fact that ground state metals absorb light at specific 
wavelengths. Metal ions in a solution are converted to atomic state by means of a 
flame. Light of the appropriate wavelength is supplied and the amount of light 
absorbed is a direct measure of the number of atoms of the metal in the solution or the 
analyte concentration is determined from the amount of absorption 
For this quantitative analysis atomic absorption spectrometer model AA 203D 
of Thermo Fischer Scientific, was used as shown in figure 2.8, which is available at 
IUAC, New Delhi.  Aspiration of the samples followed by atomization in either an air 
acetylene or nitrous oxide acetylene flame occurs in normal use. The absorption of 
single frequency light by atoms of a sample in the flame is measured relative to a 
known standard and the concentration of the element in the sample is derived.  
 
Figure 2.8 Atomic Absorption Spectrometer  
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3.1 Estimation of Bulk Etch Rate 
3.1.1 Introduction 
Solid State Nuclear Track Detection has already become a very well known technique 
to measure the tracks of heavily ionizing particles or radiations. SSNTDs are used to 
measure the 
222
Rn and its progeny which causes lung cancer. Alpha particles emitted 
by 
222
Rn and its progeny hit the detector and leave the latent tracks on it, which can be 
made visible under the optical microscope with the help of etching. Track 
development in SSNTD‟s is based on two parameters Vt (track etch rate) and Vb (bulk 
etch rate). As it is known that Vb depends on many factors like, purity of the 
substances, chemical composition and preparation of the detector, structure of 
polymers, etching conditions (like temperature, concentration as well as the stirring 
effect), environmental conditions during irradiation (ionizing as well as the non 
ionizing radiation) and etching of detectors (Fuji et al., 1991). Various techniques 
were used for the determination of the bulk etch rate (Yu et al., 2004; Yip et al., 2003; 
Yip et al., 2006; Salama et al., 2006; Tse et al, 2007). Phoenix interface was used for 
the determination of removed active layer of LR-115 as SSNTD (cellulose nitrate) 
during etching. Our main concern in this study is to determine the bulk etch rate of 
LR-115 by varying the normalities of etchants using NaOH and KOH with the help of 
Phoenix interface. Actual monitoring of the active layer thickness is essential, this is 
one of the influencing factors of the track parameters or shape characteristics (Jonsson 
et al. 1981).  
3.1.2 Basic Instrumentation of Phoenix Interface (Physics with Home-made 
Equipment & Innovative Experiments) 
Phoenix is a modular, extensible hardware plus software framework for developing 
computer interfaced science experiments. The unit (PHOENIX interface) is powered 
by a 9V DC adapter. The analog input can digitize 0 to 5V range signals in to a 
number ranging from 0 to 1023. The minimum conversion time is 10 microseconds.  
The voltage level changes at digital I/O pins can be monitored /controlled with 
microsecond timing accuracy. The analog output is implemented using a pulse width 
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modulated DAC having 8 bit accuracy. The control and sensor elements used in the 
experimental setup are connected to the I/O channels. The plug in feature allows 
expanding the hardware capabilities. Since most of the sensor elements give small 
output voltages, variable gain amplifier are provided to make them in to the 0 to 5V 
range before feeding to the ADC inputs. A 1 mA constant current source and 5V 
regulated DC output also is provided. There is hardware accessories like vacuum 
chamber connected to the phoenix interface setup as shown in figure 3.1. 
Block diagram shown in figure 3.1 describe here the working of Phoenix. Detector 
detects the alpha particles which fall on the alpha detector, and then the highly 
sensitive pre-amplifier collect the generated electrical pulse as signal, and then 
converted in to a Gaussian shaped pulse with the help of shaping amplifier. The 
PHOENIX digitizes the height of the pulse and a histogram (as shown in figure 3.2) 
indicating energy and the number of particles with that energy is made available.  The 
height of the pulse is proportional to the charge collected which in turn is proportional 
to the energy of the incident particle. 
 
57 
 
       
 
Figure 3.1 Phoenix interface and its Block diagram 
 
Figure 3.2 Output spectrum of PHOENIX Interface 
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3.1.3 Experimental Details 
Commercially available, LR-115 type II strippable films manufactured by DOSIRAD, 
France, are used in this study for the measurement of the removal of the active layer 
thickness. LR-115 consists of an active layer or cellulose nitrate on 100 µm clear 
polyester base (PET). Proposed method is based on the absorption of alpha particle‟s 
energy by the active layer of detector film. Pieces of LR-115 type II, pelliculable 
(strippable) detector film (size 2X2 cm) were taken for the observation to measure the 
active layer thickness. These pieces of detector film were  chemically etched in 1N, 
1.5N,  2N, 2.5N,  3N, solution of NaOH and KOH without any stirring for 60 minutes 
in constant temperature water bath while keeping the temperature constant at (60+0.5) 
0
C. LR-115 films were taken out from NaOH and KOH solution after every 10 
minutes. Detector films were rinsed off with running water and then dried with the 
help of dry air and then removed from clear PET base. Peeled off layers of cellulose 
nitrate were mounted on the holders, the same was placed between source and detector 
inside the vacuum chamber which interface with the Phoenix interface setup as shown 
in figure 3.3.  This setup was calibrated with the known energy of Am
241
. Five mbar 
vacuum inside the vacuum chamber was created with the help of rotary pump. Peaks 
were acquired using Phoenix setup for Cellulose nitrate layers (i.e. active layer of LR-
115 detector film) etched for different concentrations and time. 
           
Figure 3.3 LR-115 foil mounted on holders and inside view of vacuum chamber 
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3.1.4 Results and Discussion 
In the experiment, active layer thickness measurement of LR-115 detector film 
analyzed by using PHOENIX set up, following equation is used so as to calculate the 
thickness of the given detector film etched for different times and etchant 
concentrations:  
Ex = X. (dE/dx),  
where Ex is the channel difference in terms of energy (keV); X the thickness of active 
layer of LR-115 detector film (µm), and (dE/dx) the energy loss (keV/µm). Under the 
given experimental conditions here, the value of (dE/dx) is taken to be constant, which 
however can vary with larger values of X. The value of Ex is determined from the 
centroids of the peaks acquired by PHOENIX. The peak shape is almost Gaussian, 
except for the peak sharpness and we have observed that the peak centroid position 
does not change with time duration of a trial. (dE/dx) is calculated from the 
experimental observations using Am-241 alpha- source. For pristine sample of the 
film, the energy recorded was 3.944 MeV and the difference between 5.485 MeV and 
3.944 MeV energies is Ex with the initial thickness X of LR-115 is 12µm. Using the 
above equation, the layer thickness removed during etching was recorded after every 
interval of 10 minutes with the help of alpha energy loss calculations. The results are 
shown in the Figure 3.4. It is observed that the bulk etch rate varies from (1.44 ± 0.07), 
(1.50 ± 0.05), (2.76 ± 0.12), (3.78 ± 0.14), (3.90 ± 0.11) and (1.74 ± 0.08), (3.42 ± 
0.13), (3.54 ± 0.06), (6.66 ± 0.03), (7.08 ± 0.033) µm/h for 1N, 1.5N, 2N, 2.5N and 3N 
of NaOH and KOH, respectively at 60± 0.5
0
C. The bulk etch rates found in this study 
for 2.5 N of NaOH and KOH are (3.78 ± 0.14) and (6.66 ± 0.03) µm/h, respectively 
which are in well agreement with the study reported elsewhere (Yip et al. 2003). From 
the Fig. 3, it is seen that the bulk etch rate for KOH is faster than NaOH for all the 
normalities, it is due to the fact that the ionic radius of K
+
 ion in water is smaller than 
that of other ions such as Na
+ 
(Enge et al., 1974).  
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Figure 3.4 Variation between removed thickness (µm) and etch time under different 
etchant normalities. 
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Tables and Figures 
Table 3.1 Variation of thickness of SSNTD (CN layer of LR-115) with respect to 
varying normality of NaOH. 
S.No. 
 
Time 
(minutes) 
1N  
NaOH 
1.5N 
NaOH 
2N 
NaOH 
2.5N  
NaOH 
3N 
NaOH 
  Removed Thickness of LR-115 film (in µm) while varying the 
normality (1N-3N) / Bulk Etch Rate (µm) 
1 0 0 0 0 0 0 
2 10 0.55±0.04 0.57±0.03 0.70±0.05 0.59±0.02 0.97±0.03 
3 20 0.57±0.06 1.0±0.05 1.08±0.01 1.16±0.06 1.13±0.02 
4 30 1.0±0.01 1.2±0.09 2.16±0.03 1.68±0.07 1.7±0.05 
5 40 1.1±0.04 1.35±0.11 2.68±0.05 2.31±0.09 2.32±0.05 
6 50 1.38±0.03 1.4±0.28 2.7±0.09 3.42±0.12 2.82±0.03 
7 60 1.44±0.07 1.50±0.06 2.76±0.13 3.78±0.14 3.90±0.11 
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Table 3.2 Variation of thickness of SSNTD (CN layer of LR-115) with respect to 
varying normality of KOH. 
S.
No. 
 
Time 
minutes 
1N      
KOH 
1.5N   
KOH 
2N    
KOH 
2.5N  
KOH 
3N     
KOH 
  Removed Thickness of LR-115 film (in µm) while varying the 
normality (1N-3N)/ Bulk Etch Rate (µm) 
1 0 0 0 0 0 0 
2 10 0.55±0.025 0.5±0.061 0.5±0.11 0.5±0.12 0.5±0.05 
3 20 0.57±0.055 1±0.144 2.1±0.18 2.1±0.33 1.6±0.18 
4 30 1.1±0.1 1.6±0.105 3.0±0.16 3.7±0.21 3.7±0.33 
5 40 1.67±0.151 2.1±0.106 3.2±0.07 4.3±0.16 5.75±0.19 
6 50 1.6±0.110 2.1±0.060 3.45±0.12 5.4±0.07 6.25±0.06 
7 60 1.74±0.080 3.42±0.130 3.54±0.06 6.66±0.03 7.08±0.33 
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3.1.5 Conclusions  
Bulk etch rate is one of the important factors for controlling the track developments in 
SSNTDs, requires precise measurement of this parameter. The results on the bulk etch 
rates of LR-115 CN film under standard etch conditions of 2.5N NaOH and KOH at 
60
0
C for 1 hour obtained using PHOENIX, are (3.78 ± 0.14) and (6.66 ± 0.03) µm 
respectively, which agree well with other reported measurements. 
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3.2 Radon Exhalation Rate and Effective Dose Measurement 
3.2.1 Introduction 
The problem of radon is an important global problem of radiation hygiene concerning 
the world population. Radon is present in trace amount, almost everywhere (indoor 
and outdoor) on the Earth, being distributed in the soil, ground water and in the lower 
atmosphere. Radioactive radon can migrate from soils and rocks and accumulate in 
surrounding enclosed areas such as homes and underground mines. It has been 
estimated that the radon, largely in homes, constitutes more than 50% of the dose 
equivalent received by general population from all sources of radiation, both naturally 
occurring and man-made (BEIR, 1990).  It is well known fact that radon progeny can 
cause lung cancer and radon being an inert gas, is not so much health hazard to human. 
A relationship between lung cancer and inhalation of radon decay products has been 
demonstrated (Lubin et al., 1997). Epidemiological evidence suggests that inhalation 
of radon decay products in domestic environments could also be a cause of lung 
cancer (BEIR, 1999; Lubin et al., 1995; ICRP, 1993). The concentration of radon in 
the atmosphere varies depending on the place, time, and height above the ground and 
meteorological conditions.  
Radon (Rn-222) is a natural radioactive noble gas which has a half life of 3.82 days 
and decays within hours to form short-lived radionuclides (Appleton 2007). Radon 
originates from the decay series of uranium-238, a naturally occurring radioactive 
mineral found in the Earth crust with a half-life 4.5х 109 years. The levels of uranium 
on Earth vary since certain types of rocks and soils like uranium-enriched phosphatic 
rocks, granites and shales contain more uranium than others (Muikku et al. 2007). 
Although radon itself is inert gas, its short-lived progeny can attach to natural aerosol 
and dust, and if inhaled, it deposits into the lungs which results in exposing the 
sensitive bronchial epithelial cells to alpha radiation. 
Low concentration of radon can also be found in building material (de Jong et al. 
2005).  Although building materials generally contribute only a very small percentage 
of the indoor air radon concentrations (Ǻkerblom 2005, Man and Yeung 1998). 
Building materials such as concrete, wallboard, brick and tile typically have 
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concentrations similar to those of major rock types used for their manufacture 
(Mustonen 1984, Ackers et al. 1985). Various waste materials produced by the thermal 
power plants, chemical and metallurgical industry have commonly been used in 
building construction materials.   
Emission of radon per unit area of can per unit time is known as radon exhalation rate. 
Radon exhalation rates are of two types: Surface exhalation rate and Mass exhalation 
rate. Radon exhalation rate depends upon the radium concentration and in the material 
it depends on some factors like emanation factor of radon from the material, porosity, 
permeability, density of the material, diffusion coefficient of the radon, moisture 
content and temperature. For the estimation of radiation risk from various solid waste 
materials, radon exhalation rate is of prime importance. The radon exhalation 
properties of porous materials have been the subject of several investigations for both 
naturally occurring like soil, coal, sand and rocks and man-made like mining wastes, 
fly ash and many building construction materials etc, (Jonassen 1983; Karmadoost et 
al., 1988; Kumar et al., 2005). This would be worth mentioning that prediction of 
radon exhalation rate from the concentration of decay series isotopes in a sample is 
difficult as exhalation rate is depend on the texture and grain size composition as well 
as on the moisture etc. Health risks are found to be higher in the area downward of the 
power plants because fly ash particle, being very fine, may tend to remain airborne for 
long period of time and that airborne ash can enter the lungs through inhalation and 
may stick to lung tissue which may lead to the serious health problems. Radio-nuclides 
in the fly ash may accumulate in the top soil giving sufficient chances for the radio-
nuclides to become enriched in the top soil and enrich the soil surface with these radio 
contaminants. The soil and the contaminants in turn, may also migrate from the waste 
disposal site to the underlying ground water body. Fly ash is also being used for 
construction material like bricks, cement etc., so it is quite important to estimate the 
radiation risk to the population. 
3.2.2 Technique for the Measurement of Radon Exhalation Rate 
Sealed can technique, as mentioned earlier, was adopted for the determination of radon 
exhalation rate, which is of prime importance for estimating radiation risk from 
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various samples like soil, fly ash and building materials. A plastic container was used 
as an emanation chamber for the measurement of radon concentration and exhalation 
rate (Abu-Jarad, 1988; Sonkawade et al. 2008; Varshney et al. 2010). LR -115 type –II 
SSNTD were used in order to measure the radon exhalation rate. In this technique, a 
limited amount of emanating specimen is used in a closed container, it is expected that 
the exhalation rate depends upon the material, geometry and dimension of the can. 
 Collected samples were crushed into fine powder with the help of mortar and pestle. 
The crushed samples were homogenized by 150 µm mesh size sieve and dried in an 
oven at 100-110
0
 C for about 24 hours to remove the moisture. Then 100 g of each 
sample were filled in standard air tight PVC containers with 7 cm diameter and 7.5 cm 
height. The height of the detectors was chosen in such a way that no direct alpha 
particles can reach the detectors. The containers were sealed externally using adhesive 
tape. The can was kept sealed for about 100 days for the measurement of exhalation 
rate.  Radon and its daughter products take about 4 weeks to reach the secular 
equilibrium. LR-115 type II nuclear track detector (size 2 cm x 2 cm) was fixed on lid 
inside the can so that the sensitive part of the detector face the sample and the detector 
can record alpha particles resulting from the decay of radon in the void volume of the 
can. After the exposure, detectors were retrieved, etched in 2.5 N NaOH at 60 ± 0.5
o
C 
for a period of 90 minutes in constant temperature water bath system for the revelation 
of tracks. The resulting α- particle tracks were counted using an optical microscope at 
the magnification of 400X.  
The activity was obtained from the track density in the etched detectors using the 
calibration factor of 0.056 tracks cm
-2
 d
-1
(Bq m
-3
)
-1
 obtained from earlier calibration 
experiment (Singh et al., 1997). Following expression gives the surface exhalation rate 
(Fleischer and Morgo-campero 1978; Khan et al., 1992; Mahur et al., 2008). 
   Es = 
 





  1
1
TA
CV
λTe


       (Bq m
-2
 h
-1
), 
This formula is also modified to calculate the mass exhalation rate, 
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 Em  =         
 





  1
1
TM
CV
λTe


     (Bq kg
-1
 h
-1
) , 
where, Es is the radon surface exhalation rate (Bq m
-2 
h
-1
);  
Em -mass Exhalation rate (Bq kg
-1 
h
-1
) 
C -integrated radon exposure as measured by LR-115 detector (Bq m
-3 
h);  
V -effective volume of can; 
 λ - decay constant for radon (h-1); 
 T- exposure time (h);   
A - area covered by can (m
2
) and  
M - mass of the sample in can 
 
3.2.3 Indoor Internal Exposure due to Radon Inhalation 
Risk of lung cancer from domestic radon exposure and its daughter products can be 
estimated directly from the effective dose equivalent by the expression (Nazaroff and 
Nero, 1988). 
 
 CRn = 
V
x SE
  V

, 
 
where, CRn - radon concentration(Bq m
-3
),  
 Ex - radon exhalation rate (Bq m
-2
 h
-1
), 
S - surface area (m
2
) of wall, 
V- room volume (m
3
) and   
λV- air exchange rate (h
-1
) or ventilation rate. 
In above calculations, the radon concentration from the material was assessed by 
assuming the room as a cavity with S/V = 2.0 m
-1
 and air exchange rate of 0.5 h
-1
. For 
the estimation of annual exposure to potential alpha energy Ep (effective dose 
equivalent) following expressions were used which is related to the average radon 
concentration CRn. 
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3700170
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. 1
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CFn
yWLME
   , 
 
where, CRn is radon concentration (Bq m
-3
),  
 n- fraction of time spent indoors;  
8760- number of hours per year  
170- number of hours per working month, and  
F- equilibrium factor for radon.  
Equilibrium factor F quantifies the state of equilibrium between radon and its 
daughters having values 0 ˂ F ˂ 1. The value of F is taken as 0.4 as it was suggested 
by UNSCEAR (1988). Thus the values of n = 0.8 and F = 0.42 were used to estimate 
Ep. From radon exposure, the indoor inhalation exposure (radon-effective dose) was 
calculated by using a conversion factor of 6.3 mSv WLM
-1 
(ICRP, 1987).  
3.2.4 Results and Discussion 
The measurements of radon exhalation rates and effective dose in different samples 
were carried out for the assessment of exposure of the population to radon and its 
progenies. There are various factors viz., emanation factor of radon from the material, 
porosity, permeability, density of the material, diffusion coefficient of the radon, 
moisture content, temperature and meteorological parameters on which indoor radon 
depends. 
3.2.4.1 Measurement of Radon Exhalation Rates and Radon Effective Dose in fly 
ash, soil and building construction materials  
Table 3.3 depicts the results of radon surface and mass exhalation rate as well as the 
radon effective doses from the fly ash samples. The results obtained in the present 
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investigation show radon surface exhalation rate varies from 98.5±7.0 to 297±15.9 
mBq m
-2 
h
-1 
with an average value of 160.2 mBq m
-2 
h
-1
 and the mass exhalation rate 
varies from 3.8±0.3 to 11.4±0.6 Bq kg
-1
 h
-1
 with an average value of 6.17 Bq kg
-1
 h
-1
. 
Calculations for radon effective dose were made according to the above mentioned 
formulae and which were found to be ranged from 0.012 to 0.035 with an average of 
0.019 mSv y
-1
 which is less than the lower limit of the suggested action level (1mSv y
-
1
). Figure 3.5 shows the variation in radon exhalation rates as well as radon effective 
doses in all fly ash samples. 
 The results of soil samples collected from vicinity of Kota Thermal Power Station 
(Rajasthan, India) are shown in table 3.4. From thermal power station (through 
stack/chimney) some fly ash is released into the atmosphere and it may collect on the 
soil around the power plant. Fly ash may change the natural radionuclide 
concentration in the soil. In order to estimate the health risk to the inhabitants, radon 
effective dose were calculated which were found to vary from 0.04 to 0.22 mSv with 
an average of 0.10 mSv per year. The values obtained are quite lower than the 
recommended action level. The radon surface exhalation rate found to be varied from 
336.4±16.2 to 1869.2±54.6 mBq m
-2 
h
-1 
with overall average of  841.39 mBq m
-2 
h
-1 
whereas  radon mass exhalation rate varies from 13.0 ± 0.6 to 72.0 ± 2.1 Bq kg
-1 
h
-1
 
with an average of 32.41 Bq kg
-1 
h
-1
. Figure 3.6 represents the variation in estimated 
results for all the soil samples. 
Table 3.5 represents the results for building construction materials. In building 
material lower radon surface and mass exhalation rate were found for MCM cement 
and higher for unfired brick samples. The values for surface exhalation rates ranged 
from 29±3.2 to 1040±31.4 mBq m
-2 
h
-1 
with an average of 180.91 mBq m
-2 
h
-1 
and 
mass exhalation rate ranged from 1.1±0.2 to 40.12 Bq kg
-1
 h
-1 
with an average of 40.12 
Bq kg
-1
 h
-1
. The radon effective dose was found to vary from 0.003 to 0.123 mSv y
-1
 
with an average of 0.021 mSv y
-1
 which is quite lower than recommended action level 
of 1 mSv y
-1
. Figure 3.7 shows the variation in different building construction 
materials.  
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3.2.5 Conclusions 
 The study of radon emanation from all the building materials is essential to 
understand the individual contribution of each material component to the total 
indoor radon exposure. 
 Present investigation concludes that the radon effective dose is quite lower 
than the action level of 1 mSv for all the reported samples. 
 It is found from the present study, that radon exhalation rates are higher for all 
the soil samples in comparison of other investigated samples.  
 Large number of building construction material were investigated and found 
wide variation in radon exhalation rates and in radon effective dose. Unfired 
brick samples shows higher radon exhalation rates than fired brick samples. In 
the case of unfired bricks, there may be many voids and the emanation can 
escape from within bulk i.e. from few centimetre below the surface and thus 
the amount of radon that can escape should depend on the internal surface area 
while in fired brick the number of voids are reduced to a large extent and the 
radon may be emanated from the surface layers only. 
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Tables and Figures 
Table 3.3 Radon surface and mass exhalation rates and radon effective dose in fly ash 
samples collected from KTPS (Kota, Rajasthan, India).  
S 
No. 
Sample 
code 
Radon  surface 
exhalation  rate 
(mBq m
-2 
h
-1
) 
Radon  mass 
exhalation rate 
(Bq kg
-1 
h
-1
) 
Radon effective 
dose  
(mSv y
-1
) 
1 KB1 109±7.5 4.2±0.3 0.013 
2 KB2 194.1±10 7.5±0.4 0.023 
3 KB3 102.6±7.1 4.0+0.3 0.012 
4 KF1 297±15.9 11.4±0.6 0.035 
5 KF2 228.8±11.8 8.8±0.5 0.027 
6 KF3 234.2±13.4 9.0±0.5 0.028 
7 KM1 142.7±8.5 5.5±0.3 0.017 
8 KM2 164.9±9.2 6.35±0.4 0.019 
9 KM3 122.3±7.9 4.7±0.3 0.014 
10 KS1 124.6±8.2 4.8±0.3 0.015 
11 KS2 98.5±7.0 3.8±0.3 0.012 
12 KS3 147.8±8.6 5.7±0.3 0.017 
13 KV1 161.5±11.2 6.22±0.4 0.019 
14 KV2 160.7±9.5 6.2±0.4 0.019 
15 KV3 
AVG* 
 
113.9±8.2 
160.2 
 
4.4±0.3 
6.17 
 
0.013 
0.019 
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    S.D
.¥
 56.77 2.17 0.006 
AVG*- Average;  
S.D.
 ¥
- Standard Deviation 
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Figure 3.5 Variation of radon surface and mass exhalation rates and radon effective dose in various fly ash samples. 
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Table 3.4 Specific activities of radionuclides, radon exhalation rates and radon 
effective dose from soil samples collected from the vicinity of KTPS (Kota, Rajasthan, 
India). 
S. No. Samples 
code 
Radon surface 
exhalation  rate  
(mBq m
-2
 h
-1
)   
Radon mass 
exhalation rate      
(mBq kg
-1
 h
-1
)   
Radon effective 
dose             
(mSv y
-1
) 
1 KS1 670.2±23.8 25.80±0.9 0.08 
2 KS2 336.4±16.2 13.0±0.6 0.04 
3 KS3 932.9±29.4 36.0±1.1 0.11 
4 KS4 924.0±38.6 35.6±1.5 0.11 
5 KS5 976.1±38.2 37.6±1.5 0.12 
6 KS6 893.8±29.3 34.4±1.1 0.11 
7 KS7 1028.3±44.0 39.6±1.7 0.12 
8 KS8 1869.2±54.6 72.0±2.1 0.22 
9 KS9 639.7±23.0 24.6±0.9 0.08 
10 KS10 775.6±25.0 29.9±1.0 0.09 
11 KS11 498.3±16.5 19.2±0.6 0.06 
12 KS12 682.1±26.3 26.3±1.0 0.08 
13 KS13 634.0±23.7 24.4±0.9 0.07 
14 KS14 970.5±39.9 37.4±1.5 0.11 
15 KS15 
 
AVG* 
 
S.D.
¥ 
 
789.7±34.8 
 
841.39 
 
344.57 
30.4±1.3 
 
32.41 
 
13.27 
 
0.09 
 
 0.10 
 
 0.04 
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Figure 3.6 Variation of radon surface and mass exhalation rates and radon effective dose in various soil samples (collected from the vicinity 
of KTPS, Kota, Rajasthan). 
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Table 3.5 Radon exhalation rates and radon effective dose in building construction 
materials collected from Aligarh and vicinity of Aligarh district, Uttar Pradesh. 
S.No. Type of 
sample 
Sample 
codes 
Radon   
surface 
exhalation  
rate, Es         
(mBq m
-2
 h
-1
) 
Radon mass 
exhalation 
rate          
(mBq kg
-1
 h
-1
) 
Radon 
effective 
dose      
(mSv y
-1
) 
1 Cement 
samples 
UTC 95.2±7.0 3.6±0.3 0.011 
2 J1P 89.8±6.5 3.4±0.3 0.011 
3 MCM 29±3.2 1.1±0.2 0.003 
4 BST 56.5±4.5 2.1±0.2 0.007 
5 PRM 52.5±4.4 2.0±0.2 0.006 
6 A1C 122.5±7.5 4.7±0.3 0.014 
7 SUT 57.1±4.7 2.2±0.2 0.007 
8 T1F 67.5±6.0 2.6±0.2 0.008 
9 J1K  61.8±5.1 2.3±0.2 0.007 
10 BNG 87.8±6.0 3.3±0.2 0.010 
11 AMB 89.2±6.1 3.4±0.2 0.011 
12 Sand 
samples 
S-1 114.8±6.9 4.4±0.3 0.014 
13 S-2 110.6±7.1 4.3±0.3 0.013 
14 B-1 728.6±25.4 28.1±1.0 0.086 
15 B-2 661.1±25.2 25.6±1.0 0.079 
16 Brick B-F 40.5±3.5 1.5±0.1 0.005 
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17 samples B-U 1040±31.4 40±1.2 0.123 
18 Wall putty 
 
 
WJ 52.5±4.7 2±0.2 0.006 
19 WB 120.7±7.4 4.6±0.3 0.014 
20  
White 
cement 
 
WC-B 130.2±7.6 5±0.3 0.015 
21 WC-J 78.9±6.0 3±0.2 0.009 
22 POP PP 
AVG*                                      
 
S.D.
¥
 
93.3±6.1 
180.91
 
264.75 
 
3.6±0.2 
6.95 
 
10.22         .                                 
0.011 
0.021  
0.031
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Figure 3.7 Variation of radon surface and mass exhalation rates and radon effective dose in various building construction materials. 
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4.1 Introduction 
Human populations are always exposed to ionizing radiation from a number of natural 
sources in environment (Yeboah et al., 2001). Natural materials such as sand, soil, 
rocks etc., contain trace amount of natural radioactivity of radium, thorium and 
potassium etc. The largest source of natural radioactivity in animals and humans is 
Potassium-40. An adult human body contains about 160 grams of potassium, hence 
about 0.000117 x 160 = 0.0187 grams of 
40
K; whose decay produces about 4,400 
disintegrations per second (Becquerel) continuously throughout the life of the body. 
The effect of radiation is harmful to all living organisms including human being but in 
contrast it is also good friend, if it is used in the right way. They have wide range of 
beneficial applications particularly in the field of medicine. Earth crust is mainly the 
origin of radioactive materials but they find their way through the building materials, 
air, water, food and the human body itself. Radio-nuclides of three most commonly 
known series i.e. uranium and thorium are found in nature. We inhale and ingest radio-
nuclides every day in our lives. The inhalation and ingestion of these radio-nuclides 
above the permissible level becomes health hazard. Most materials contain small 
amounts of NORM reflecting the geological variation of their site of origin and 
leading to the production of radon gas that cause exposure of people to ionizing 
radiation. Several surveys were conducted at different locations worldwide to 
characterize the activity concentration of NORM. Radio activities of various materials 
were measured to evaluate the terrestrial gamma dose rate for indoor occupants. The 
natural radioactivity usually determined from 
226
Ra, 
232
Th, 
40
K contents and most of 
the dose rate from natural radioactivity is due to members of the radioactive decay 
chains of 
238
U (55.8%) and 
232
Th (14%), along with 
40
K (13.8%) (UNSCEAR,1993). 
Natural radiation is the largest contributor to external dose of the world population 
(UNSCEAR, 1993; El-Arabi, 2007). Environmental radioactivity measurements are 
necessary for assessing the level of background radiation which may be due to either 
natural radioactivity sources of cosmic and terrestrial origin or man-made sources. The 
terrestrial component is due to the radioactive nuclides that are present in air, soils, 
rocks, building material and water in amounts that vary significantly depending on the 
geological and geographical features of a region. (Radhakrishna et, al 1993; Rudnic, 
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Gao; 2003).The cosmic radiation originates from space. In addition to these natural 
sources, the level of background radiation in a region is also affected from man-made 
sources such as nuclear activities and accidents (UNSCEAR, 2000). 
According to the United Nations Scientific Committee on Effects of Atomic Radiation 
report (UNSCEAR, 2000), the greatest contribution to mankind‟s exposure comes 
from natural background radiation. Estimation results of total radiation dose have 
shown that about 96 % is from natural sources while 4% is from artificial sources 
(Chougankar et al. 2003). The worldwide average annual effective dose is 2.4 mSv per 
year. Natural radioactive materials under certain conditions can reach hazardous 
radiological levels so, it is felt necessary to study the natural radioactivity in soil and 
other materials to assess the dose to the population in order to know the health risks 
and to have a baseline for future changes in the environmental radioactivity due to 
human activities.  
There are two main radiological effects which derive from radioactivity in soils, rocks, 
granites etc. (Beck, 1980, Leung et al., 1990, Fong and Alvarez, 1997).  
 The internal irradiation of lung by alpha emitting short-lived decay products of 
222
Rn and 
220
Rn.  
  The external irradiation of the body by gamma rays emitted from 
radionuclides. 
4.2 Experimental Techniques 
4.2.1 Sample Collection, Preparation for Radium, Thorium and Potassium 
Analysis 
After collection, samples e.g. soil, fly ash etc are crushed into fine powder by 
using mortar and pestle.  Fine quality of the sample is obtained using scientific sieve 
of 150 micron-mesh size.  Before measurement samples are dried in an oven at about 
110 ºC for 24 hours. Each sample is packed and sealed in an airtight PVC container 
and kept for about 4 week period to allow radioactive equilibrium among the radon 
(
222
Ra), thoron (
220
Ra), and their short lived decay products. An average 300-350 
grams of sample was taken for analysis. 
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4.2.2 Measurement of 
226
Ra, 
232
Th, 
40
K 
For the measurement of activity concentration of radionuclides HPGe detector 
based on high-resolution gamma spectrometry was used. The detector is a co-axial n-
type high purity germanium detector (make EG&G, ORTEC, Oak Ridge, US). The 
detector has a resolution of 2.0 keV and relative efficiency of 20% for 1.332 MeV 
gamma energy of Co-60. The output of the detector is analyzed using a 4K MCA 
system connected to PC. block diagram is shown in figure 4.1. 
 
Figure 4.1 Block diagram of HPGe detector setup 
 The spectral data is analyzed using the software “CANDLE” (Collection and 
Analysis of Nuclear Data using Linux network) developed locally by Inter University 
Accelerator Centre, New Delhi. The detector is shielded using 4” lead on all sides to 
reduce the background level of the system (Kumar et al., 2001). The efficiency 
calibration for the system is carried out using secondary standard source of uranium 
ore in geometry available for the sample counting.  Efficiency values are plotted 
against energy for particular geometry and are fitted by least squares method to an 
empirical relation that takes care of the nature of efficiency curve for the HPGe 
detector. For calibration of the low background counting system a secondary standard 
was used. The secondary standard was calibrated with the primary standard (RGU-1) 
obtained from the International Atomic Energy Agency. Gamma transitions of 1461 
keV for 
40
K; 186  keV of 
226
Ra and 609 keV of 
214
Bi for 
238
U; 338, 463, 911, 968 keV 
of 
228
Ac, 727 keV of  
212
Bi, 238 keV of 
212
Pb and 583 keV of 
208
Tl for 
232
Th, were 
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used for the laboratory measurement of activity concentration potassium, uranium and 
thorium. Figure 4.2 shows the spectrum obtained for soil sample showing gamma ray 
transition energies. The samples were counted for a period of 72000 seconds and the 
spectra are analyzed of the photo peak of radium, thorium daughter products and 
40
K. 
The net count rate under the most prominent photo peaks of radium and thorium 
daughter peaks are calculated by subtracting the respective count rate from the 
background spectrum obtained for the same counting time. Then the activity of the 
radionuclide is calculated from the background subtracted area prominent gamma ray 
energies.   
 
Figure 4.2 Typical Spectrum of cement sample obtained by CANDLE software   
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4.3 Estimation of 
226
Ra, 
232
Th and 
40
K 
The concentrations of uranium, thorium and potassium are calculated using the 
following equation: 
EffIB
CPS
EffIB
CPS
BqActivity error






..
100100
..
100100
)(  
  
Where CPS - Net count rate per second;  
B.I. - Branching Intensity, and             
Eff - Efficiency of the detector. 
4.3.1 Radium Equivalent Activity 
The distribution of 
238
U, 
232
Th and 
40
K on Earth is not uniform. Uniformity with 
respect to exposure to radiation has been defined in terms of radium equivalent 
activity (Raeq) in Bq kg
-1
 to compare the specific activity of materials containing 
different amounts of 
226
Ra, 
232
Th and 
40
K. It is calculated through the following 
relation (Hayambu et al., 1995) 
 
Raeq =   CRa   + 1.43 CTh + 0.07 CK 
 
where CRa, CTh and CK are the activity concentrations of 
226
Ra, 
232
Th and 
40
K in Bq kg
-
1
, respectively. While defining Raeq activity, it has been assumed that 370 Bq kg
-1
 
226
Ra or 259 Bq kg
-1
 
232
Th or 4810 Bq kg
-1
 
40
K produce the same gamma dose rate.   
4.3.2 Estimation of Absorbed and Effective Dose  
The activity of 
226
Ra, 
232
Th and 
40
K were converted into doses by using these 
factors 0.462, 0.604 and 0.0417 for radium, thorium and potassium, respectively 
(UNSCEAR, 2000). These conversion factors were used to calculate the external 
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terrestrial -radiation absorbed dose rate in air at a height of about 1meter above the 
ground (UNSCEAR, 2000). 
  
-1
Ra Th K Absorbed dose D (nGyh ) = 0.462 C  + 0.604 C  + 0.0417 C               
where, CRa, CTh and CK are the activity concentrations (Bq kg
-1
) of radium, thorium 
and potassium in the samples.  
 
For the estimation of effective dose equivalent received by an individual, the 
conversion factor of 0.7 Sv Gy
-1
, which is used to convert the absorbed rate to annual 
effective dose with an outdoor occupancy factor of 20% and 80% for indoors 
(UNSCEAR,1993), has been use to estimate annual effective dose equivalent. To 
estimate annual effective doses, account must be taken of (a) the conversion 
coefficient from absorbed dose in air to effective dose and (b) the indoor occupancy 
factor. The annual effective doses are calculated by using the equations 
 
-1 -1 6Indoor annual effective dose (mSv) = (Absorbed dose) nGyh  8760h 0.8  0.7SvGy 10   
              
-1 -1 -6Outdoor annual effective dose (mSv) = (Absorbed dose) nGyh  8760h  0.2  0.7SvGy 10   
               
4.3.3 External Hazard Index (Hex) 
The external hazard index Hex can be calculated by the following equation (Beretka 
and Mathew, 1985) 
Hex = CRa / 370 + CTh / 259 + CK /4810                                                                                   
                                                                               
where CRa, CTh, CK are the measured activity concentration of each nuclide in the 
building material ,which was  assumed to produce the same gamma dose rate, i.e. 370, 
259 and 4810 Bq kg
-1
 for 
226
Ra, 
232
Th and 
40
K, respectively.  
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4.4 Results and Discussion 
In the present study the values of activity concentration for 
226
Ra, 
232
Th, 
40
K, radium 
equivalent activity, effective doses and external hazard index were measured in all 
samples under investigation. Table 4.1 represents the activity concentration of 
226
Ra, 
232
Th, 
40
K in fly ash samples collected from Kota Thermal Power Station, Kota 
Rajasthan, which were found to vary from 107 ± 4.7 to 171.5 ± 9.8 Bq kg
-1
, 124 ± 2.0 
to 185.7 ± 4.7 Bq kg
-1
and 316.1 ± 4.1 to 450 ± 5.8 Bq kg
-1
with an average of 139.5, 
158.8 and 390.5 Bq kg
-1 
respectively. The fly ash activity concentrations of 
radionuclides found in these samples is marginally higher compared to other thermal 
power stations of India, but is very close to those measured for the Kolghat, Durgapur 
and Bandel power stations as shown in table 4.2.  The radium equivalent activity in the 
studied samples found to vary from 321.2 to 459.2 Bq kg
-1
with an average of 396.7 Bq 
kg
-1
. For most of the fly ash samples the Raeq activity values in the samples are greater 
than the recommended value i.e. 370 Bq kg
-1
 (OECD, 1979). The absorbed dose 
ranged from 143.3 to 204.9 nGy h
1
 with an average of 176.7 nGy h
1
 and annual 
indoor, outdoor effective doses were found to vary from 0.70 to 1.0, 0.18 to 0.25 mSv 
with an average of 0.87 and 0.22 respectively. The Hex, which must be less than unity 
in order to keep radiation hazard insignificant, was found to range from 0.87 to 1.24 
for the samples KF2 and KM3 respectively. For most of the samples, Hex was found to 
be marginally higher than unity and Raeq very close to 370 Bq kg
-1
. The activity 
concentration of the radionuclides is higher compared to those found in the other parts 
of India. 
Table 4.3 represents the results for soil samples collected from the vicinity of Kota 
Thermal Power Station. The world average concentrations are 35 Bq kg
–1
,30 Bq kg
–1
 
and 400 Bq kg
–1
 for 
226
Ra, 
232
Th and 
40
K, respectively reported in (UNSCEAR 2000). 
The concentration for 
226
Ra, 
232
Th and 
40
K in the studied samples varies from 38.2±3.1 
to 76.2 ±7.6 Bq kg
-1
, 42.2 ±1.7 to 74.8±2.9 Bq kg
-1
, and 293.7.5±4.0 to 477.4 ± 6.1 Bq 
kg
-1
 with an average value of 54.63, 55.91 and 374.85 Bq kg
-1
 respectively, which are 
higher than the world figure. With an average of 163.4 Bq kg
-1
, radium equivalent 
activity found is minimum (126.7 Bq kg
-1
) and maximum (195.7 Bq kg
-1
) which is 
below the upper recommended limit. The values of absorbed dose and indoor annual 
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effective dose were found to vary from 58.1 to 89.1 nGy h
-1
 with an average value of 
74.64 nGy h
-1
 and 0.28 to 0.44 mSv y
-1
 with an average of 0.37 mSv y
-1
as the outdoor 
annual effective dose varies from 0.07 to 0.11 mSv y
-1
 with an average of 0.09 mSv y
-
1
. For radiation safety point of view all these samples satisfy the permissible limits. 
The values of external hazard index have been found to be lower for KS2 i.e. 0.34 and 
higher 0.53 for KS14 sample with the average value of 0.44, which are under 
permissible limits. The external hazard index for all the investigated samples is lower 
than the acceptable range, therefore, according to the radiation protection 112 
(European Commission, 1999) report, soil of this region is not posing any significant 
radiological threat to the residents. 
Table 4.4 represents the concentration for 
226
Ra, 
232
Th and 
40
K in the studied samples. 
It varies from 24.97±1.8 to 48.0±3.7 Bq kg
-1
, 27.0 ±1.0 to 46.3±1.8 Bq kg
-1
, and 
400±5.0 to 484±5.9 Bq kg
-1
 with an average values of 34.26, 39.36 and 449.275 Bq 
kg
-1
 respectively for Imphal soil samples and 44.2±3.6 to 63.0 ±4.3 Bq kg
-1
, 58.1±2.2 
to 82.2±2.6 Bq kg
-1
 and 543.3±6.4 to 858.3 ± 9.1 Bq kg
-1
 with an average value of 
54.78, 68.35 and 711.03 Bq kg
-1
 which are higher than the world figure reported in 
(UNSCEAR 2000). 
With an average of 125.01 Bq kg
-1
, radium equivalent activity found minimum 97.6 
Bq kg
-1
 and maximum 147.3 Bq kg
-1 
for Imphal samples and 169.1 Bq kg
-1
 is 
minimum, 246.5 Bq kg
-1 
is maximum for Palampur sample with an average of 207.15 
Bq kg
-1
. These analysed values are well below the upper recommended level. The 
absorbed dose were found to vary from 46.3 nGy h
1 
to 68.2 nGy h
1
 with an average 
of 58.28 nGy h
1
, 78.2 nGy h
1 
to 114.5 nGy h
1
 with an average of 96.20 nGy h
1
 for 
Imphal and Palampr soil samples respectively. Indoor, outdoor annual effective doses 
were found to vary from 0.22 to 0.33 mSv, 0.06 to 0.08 mSv for Imphal soil and 0.38 
mSv to 0.56 mSv, 0.10 to 0.14 mSv for Palampur soil sample. The external hazard 
index which must be unity were found to ranged from 0.30 to 0.40 and 0.45 to 0.67.  
Table 4.5 represents the findings of building construction materials. It is found that 
concentrations for 
226
Ra, 
232
Th and 
40
K vary from 16.11 ± 0.7 to 71.2 ± 4.9 Bq kg
-1
, 
12.03 ±0.4 to 87.5±1.6 Bq kg
-1
, and 110.51.7 to 1080.5±11.5 Bq kg-1 with an average 
value of 44.11, 51.36 and 423.35 Bq kg
-1
 respectively. Radium equivalent activity 
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found minimum 44.9 Bq kg
-1
 for WJ sample and maximum 235.7 Bq kg
-1
 for B-F 
sample. These values are well below the upper recommended limits i.e. 370 Bq kg
-1
. 
The values of absorbed dose and indoor dose equivalents were found to vary from 
20.6 for WJ sample, to 108.7 nGy h
-1
 for B-2 and 0.10 to 0.53 mSv y
-1
 as the outdoor 
annual effective dose varies from 0.03 to 0.13 mSv y
-1
. The values for the indoor and 
outdoor annual effective dose due to natural radioactivity of studied samples are lower 
than the average world recommended level of 1 mSv y
-1
. The values of external hazard 
index have been found to be lower for WJ sample i.e. 0.12 and higher 0.62 for B-2 
sample, which are under safety limits. The contribution of activities and absorbed dose 
is shown in figure 4.4 and week correlation (R
2
= 0.407) was found between radium 
concentration and health hazard index as shown in figure 4.5.  
4.5 Conclusion 
These samples do not pose any health risk, since all the reported values are well below 
the permissible limits, stipulated as per the guidelines of Atomic Energy Regulatory 
Board of India.  
 The values of external hazard index in the studied samples are less than the 
recommended safe levels i.e. unity. 
 The presence of natural radioactivity level in all the samples have been found 
to be well below the permissible limits of 1000 Bq kg
-1
, 1000 Bq kg
-1 
and 4000 
Bq kg
-1
 for 
226
Ra, 
232
Th and 
40
K, respectively. 
 The absorbed and effective dose values are well below the permissible limits. 
 The calculated results for indoor and outdoor annual effective dose due to 
natural radioactivity of studied samples are lower than the average world 
recommended level of 1mSv y
-1
 for the individual member of public. 
 Results of the soil samples were compared with the natural radionuclides in the 
soil samples measured by other countries (Table 4.6) and were found to lie in 
the range of Indian soil samples. 
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Tables and Figures 
Table4.1  The values for 
226
Ra, 
232
Th and
 40
K activity concentration, Raeq   activity, annual effective doses , air absorbed dose and external 
hazard index  in the fly ash samples (collected from Kota Thermal Power Station) using gamma ray spectrometer. 
S. 
No
. 
Sample 
code 
Specific activity of radionuclides     (Bq 
kg
-1
) 
Raeq  
(Bq kg
1
) 
Absorbed 
dose 
D(nGy h
1
) 
Annual effective dose 
(mSv) 
Health 
hazard 
index  
(Hex) 
226
Ra 
232
Th 
40
K Indoor 
 
Outdoor  
1 KB1 132.2±7.2 152.7±3.8 353.7±4.6 377.9 168.1 0.82 0.21 1.02 
2 KB2 107±4.7 134.5±5.5 341.7±4.4 325.7 144.9 0.71 0.18 0.88 
3 KB3 132.8±8.4 134.4±3.5 349±4.5 351.8 157.1 0.77 0.19 0.95 
4 KF1 119.3±7.0 135.8±3.5 344.8±4.5 340.2 151.6 0.74 0.19 0.92 
5 KF2 119.6±8.0 124.0±2.0 316.1±4.1 321.2 143.3 0.70 0.18 0.87 
6 KF3 121.2±6.7 137.2±3.6 335.8±4.4 343.2 152.9 0.75 0.19 0.92 
7 KM1 140.2±7.5 161.2±4.3 405±5.3 401.9 179.0 0.88 0.22 1.08 
8 KM2 154.4±7.4 185.7±4.7 423±5.5 452.5 201.1 0.99 0.25 1.22 
9 KM3 171.5±9.8 176.9±4.5 450±5.8 459.2 204.9 1.0 0.25 1.24 
10 KS1 151.2±9.8 168.3±4.4 396.2±5.2 422.5 188.1 0.92 0.23 1.14 
11 KS2 146.8±8.3 176.4±4.5 402.1±5.3 430.1 191.2 0.94 0.23 1.16 
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12 KS3 141±7.1 175.1±4.5 411.9±5.4 423.1 188.1 0.92 0.23 1.14 
13 KV1 154.2±7.6 170.6±4.4 439.1±5.7 432.0 192.6 0.94 0.24 1.16 
14 KV2 145.5±7.5 172.7±4.5 444.3±5.7 426.6 190.0 0.93 0.23 1.15 
15 KV3 
 
AVG* 
 
S.D.
 ¥
 
155.6±9.1 
 
139.5 
 
17.4 
176.9±4.5 
 
158.8 
 
20.4 
445.7±5.7 
 
390.6 
 
46.14 
442.9 
396.7 
48.5 
197.3 
176.68 
21.54 
0.97 
0.87 
0.11 
0.24 
0.22 
0.02 
1.19 
1.1 
0.13 
 
*AVG- Average,  
.¥
 S.D.-Standard Deviation 
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Table 4.2 Comparison of mean activity coefficients (Ra, Th and K) and absorbed dose rates from fly ash of Kota Thermal Power Station 
compared with other Indian thermal power plants. 
Thermal power station (India) Activity (Bq kg
-1
)  
 
References. 
226
Ra 
232
Th 
40
K Absorbed 
Dose 
Allahabad  (Uttar Pradesh) 78.4 89.1 362.7 107.59 Vijayan et.al. 
1999 
Angul (Orissa) 78.5 86.5 278.1 102.38 - 
Badarpur  (Delhi) 75.5 88.1 286.4 102.50 - 
Chandrapur (Madhya Pradesh) 58.2 89.2 301.2 96.46 - 
Raichur  (Karnataka) 83.1 102.5 334.1 117.27 - 
Talchir (Orissa) 79.2 96.3 291.6 109.73 - 
Bokaro  (Bihar) 70.3 118.4 252.0 118.91 ICRP 1987 
Ramagundam  (Andhra Pradesh) 59.2 95.1 507.0 109.38 - 
Neyvelli (Tamil Nadu) 64 126.9 370.0 126.76 - 
Amarkantak (Madhya Pradesh) 49.2 106.2 329.3 105.04 - 
Nasik (Maharashtra) 126.9 138.0 279.0 157.18 - 
 Nellore  (Andhra Pradesh)     64     
126.9 
  
370.0 
     126.76 - 
 
Farakka  (West Bengal) 84.1 98.8 297.1 113.71 Vijayan et.al. 1999 
95 
 
Bakreshwar  (West Bengal) 76.3 87.5 288.1 102.52 Vijayan et.al. 1999 
Kolaghat  (West Bengal) 111.4 140.2 350.7 150.8 Mandal et.al 
2006 
Durgapur   (West Bengal) 
Durgapur   (West Bengal) 
97.3 
 
99.3 
 
98.3 
107.5 
 
112.9 
 
110.2 
315.8 
 
308.9 
 
312.3 
123.0 
 
126.4 
 
124.7 
Mandal et.al 
2006 
 
Lalit et.al 1986 
 
 
Bandel  (West Bengal)  
126.9 
 
106.3 
 
321.8 
 
136.3 
 
Mandal et.al. 
2006 
 
Kota (Rajasthan) 139.5 158.8 390.5 176.7 Present work 
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Figure 4.3 The contribution of the specific activities of radionuclides (various soil samples collected from the vicinity of KTPS, Kota, 
Rajasthan) 
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Table 4.3 The concentration of 
226
Ra, 
232
Th, 
40
K, radium equivalent activity, absorbed dose and effective doses from soil samples collected 
from the vicinity of KTPS, Kota, Rajasthan. 
Sr.  
No
. 
Sample 
code 
Specific activity of radionuclides  
(Bq kg
-1
) 
Raeq  
(Bq kg
1
) 
Absorbed 
dose 
D(nGy h
1
) 
Indoor 
annual 
effective 
dose (mSv) 
Outdoor 
annual 
effective 
dose 
(mSv) 
Health hazard 
index  
(Hex) 
226
Ra 
232
Th 
40
K 
1 KS1 53.0±4.9 50.6±2.3 302.1±4.1 148.6 67.6 0.33 0.08 0.40 
2 KS2 38.2±3.1 44.2±1.7 328.9±4.4 126.7 58.1 0.28 0.07 0.34 
3 KS3 76.2±7.6 47.8±1.8 308.3±4.2 168.3 76.9 0.37 0.09 0.45 
4 KS4 57.9±3.6 66.7±2.6 343±4.6 179.7 81.3 0.40 0.10 0.48 
5 KS5 51.8±3.8 58.3±2.0 474±6.0 171.7 78.9 0.39 0.10 0.46 
6 KS6 64.9±5.7 54.8±1.3 425.9±5.5 176.0 80.8 0.40 0.10 0.47 
7 KS7 43.6±3.4 55.5±1.5 427.1±5.5 155.8 71.5 0.35 0.09 0.42 
8 KS8 41.6±4.5 50.0±1.8 346.3±4.6 139.8 63.9 0.31 0.08 0.38 
9 KS9 61.5±7.3 52.3±1.9 293.7±4.0 158.9 72.2 0.35 0.09 0.43 
10 KS10 70.3±7.5 61.1±2.1 316.9±4.3 182.1 82.6 0.41 0.10 0.49 
11 KS11 54.8±4.8 49.6±2.2 352.0±4.7 152.8 70.0 0.34 0.09 0.41 
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12 KS12 46.2±2.9 52.4±1.4 477.4±6.1 157.9 72.9 0.36 0.09 0.43 
13 KS13 45.3±3.7 48.7±2.5 398.9±5.2 145.6 67.0 0.33 0.08 0.40 
14 KS14 58.4±4.5 72.0±2.7 446.1±5.7 195.7 89.1 0.44 0.11 0.53 
15 KS15 
 
AVG 
                 
SD 
55.7±3.8 
 
54.63 
 
10.76 
74.8±2.9 
 
55.91 
 
9.06 
382.2±5.0 
 
374.85 
 
62.97 
192.0 
163.4 
19.62 
 
86.8 
74.64 
8.71 
 
0.43 
0.37 
0.05 
0.11 
0.09 
0.01 
0.52 
0.44 
0.05 
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Table 4.4 Activity concentration of 
226
Ra, 
232
Th, 
40
K, Effective doses and external hazard index in soil samples collected from Palampur and 
Imphal, India. 
S. 
No
. 
Sample
codes 
Specific activity of radionuclides          
(Bq kg
-1
) 
Raeq  
(Bq kg
1
) 
Absorbed 
dose 
D(nGy h
1
) 
Indoor 
annual 
effective 
dose (mSv) 
Outdoor 
annual 
effective dose 
(mSv) 
Health 
hazard 
index  
(Hex) 
226
Ra 
232
Th 
40
K 
1 I1 46.4±4.9 46.3±1.8 451.3±5.5 147.3 68.2 0.33 0.08 0.40 
2 I2 48.0±3.7 44.3±1.5 463.5±5.6 147 68.2 0.33 0.08 0.40 
3 I3 26.7±2.1 30.6±1.1 400±5.0 101.2 47.5 0.23 0.06 0.30 
4 I4 24.97±1.8 27.0±1.0 442.8±5.5 97.6 46.3 0.22 0.06 0.30 
5 I5 29.0±2.5 42.8±1.6 484±5.9 127.5 59.5 0.29 0.07 0.34 
6 I6 35.1±2.9 42.2±1.1 465.5±5.5 130.5 60.7 0.29 0.07 0.35 
7 I7 29.9±2.7 40.0±1.6 437.1±5.4 120.8 56.2 0.28 0.07 0.33 
8 I8 34.0±2.5 41.7±1.5 450±5.6 128.2 59.6 0.29 0.07 0.35 
9 P1 53.3±3.8 69.0±2.4 740.3±8.2 208.8 97.1 0.48 0.12 0.60 
10 P2 44.2±3.6 58.1±2.2 543.3±6.4 169.1 78.2 0.38 0.10 0.45 
11 P3 58.6±4.5 64.1±2.3 702.2±7.9 204.2 95.0 0.47 0.12 0.55 
12 P4 63.0±4.3 82.2±2.6 858.3±9.1 246.5 114.5 0.56 0.14 0.67 
 AVG 41.10 49.03 536.52 152.4 70.92 0.35 0.09 0.42 
 STD 12.95 16.19 147.02 46.08 21.25 0.11 0.03 0.12 
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Figure 4.4 The contribution of activity concentration, radium equivalent and absorbed dose in building constructions materials. 
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Figure 4.5 Linear regression coefficients between radium concentration and health hazard index for building construction materials (X axis-
radium concentration, Y axis- health hazard index) 
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Table 4.5 Activity concentration of 
226
Ra, 
232
Th, 
40
K, Effective doses and external hazard index in building construction materials. 
S 
No. 
Type of 
sample  
Sample 
code 
Activity (Bq kg
-1
) Radium 
equivalent 
Activity 
(Bq kg
-1
) 
Absorbed 
dose D 
(nGy h
1
) 
Indoor 
annual 
effective 
dose 
(mSv) 
Outdoor 
annual 
effective 
dose 
(mSv) 
Health 
hazard 
index  
(Hex) 
226
Ra 
232
Th 
40
K 
1 Cement 
samples 
UTC 60.71±1.8 71.1±1.4 255.5±3.5 146.8 68.9 0.40 0.10 0.49 
2 J1P 71.2±4.8 56.5±3.1 257.3±3.5 171.9 78.9 0.38 0.09 0.46 
3 MCM 28.7±0.9 28.3±1.0 346.6±4.6 96.0 45.9 0.22 0.05 0.25 
4 BST 45.4±1.3 55.0±1.5 279.8±3.8 146.8 68.3 0.32 0.08 0.39 
5 PRM 36.6± 1.1 44.9±1.2              288.2±3.9 123.1 57.8 0.27 0.06 0.33 
6 A1C 46.2±1.3 60.9±1.2 306.8±4.1 157.1 73.3 0.34 0.09 0.42 
7 SUT 61.4±2.0 60.6±1.2 380±5.0 177.4 82.7 0.39 0.10 0.47 
8 T1F 64.9±7.3 30.9±1.0 351.7±4.7 136.3 63.3 0.31 0.07 0.36 
9 J1K  42.4±1.7 54.7±1.4 340±4.5 146.8 68.9 0.32 0.08 0.39 
10 BNG 52.0±1.1 53.1±0.7 408±3.6 159.4 74.9 0.46 0.11 0.55 
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11 AMB 64.35±1.6 80±1.1 354.2±4.7 206.1 95.7 0.45 0.11 0.55 
12 Sand 
samples 
S-1 52.9±1.0 72.9±1.4 680.1±8.1 209.6 100.1 0.47 0.12 0.56 
13 S-2 47.3±1.3 57.5±1.2 645.5±7.7 179.3 86.0 0.40 0.10 0.48 
14 B-1 20.5±1.0 56.2±1.2 836.3±9.5 165.2 81.9 0.38 0.09 0.44 
15 B-2 23.3±0.8 87.5±1.6 1080.5±11.4 231.6 114.3 0.53 0.13 0.62 
16 Brick 
samples 
B-F 69.7±1.9 74.5±1.5 771.1±8.9 235.7 112.3 0.53 0.13 0.64 
17 B-U 55.0±1.4 71.3±1.4 802.9±9.3 218.7 105.2 0.50 0.13 0.59 
18 Wallputty,  
 
White 
cement 
 
 POP  
WJ 16.1±0.7 14.2±0.5 110.5±1.7 44.9 21.1 0.10 0.03 0.12 
19 WB 18.5±0.8 12.0±0.4 149.1±2.2 47.2 22.3 0.11 0.03 0.13 
20 WC-B 33.7±1.9 29.9±0.8 241.4±3.4 95.2 44.6 0.21 0.05 0.25 
21 WC-J 30.7±2.3 44.8±1.5 278.2±3.8 116.2 54.7 0.25 0.08 0.31 
22 PP 29.0±1.0 13.1±0.5 150±2.2 59.3 27.5 0.13 0.03 0.16 
  AVG 44.11 51.36 423.35 148.66 70.39 0.33 0.085 0.41 
  STD 17.35 21.92 259.82 56.0 27.04 0.13 0.032 0.16 
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CHAPTER-5 
ESTIMATION OF HEAVY 
ELEMENTS BY ATOMIC 
ABSORPTION 
SPECTROMETRY 
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5.1 Introduction 
Atmospheric pollution causes serious damage to human health and to all natural 
ecosystems. Nowadays, the biggest provocative of atmospheric pollution is 
anthropogenic human activities and transport sector, main pollutants being heavy 
metals (HM). Heavy metals have been used in many different areas for thousands of 
years. Although several adverse health effects of heavy metals have been known for a 
long time but the exposure to heavy metals continues.  
The term heavy metal refers to any metallic chemical element that has a 
relatively high density (more than 5 g/cm
3
) and is toxic or poisonous at low 
concentrations (Lenntech, 2004). Heavy metals include lead (Pb), cadmium (Cd), zinc 
(Zn), mercury (Hg), arsenic (As), silver (Ag) chromium (Cr),copper (Cu) iron (Fe), 
and the platinum group elements. Some of the heavy metals such as Zn, Mn, Ni and 
Cu act as micro-nutrients at lower concentrations, they become toxic at higher 
concentrations. Heavy metal exposure causes serious health effects, including reduced 
growth and development, cancer, organ damage, nervous system damage and in 
extreme cases death. Exposure to some metals, such as mercury and lead, may also 
cause development of autoimmunity, in which a person's immune system attacks its 
own cells. This can lead to joint diseases such as rheumatoid arthritis, and diseases of 
the kidneys, circulatory system, and nervous system. Health risk due to heavy metal 
contamination of soil has been widely reported elsewhere (Singh et.al. 2010). Crops 
and vegetables grown in soils contaminated with heavy metals have greater 
accumulation of heavy metals than those grown in uncontaminated soil (Marshall et al. 
2007; Sharma et al. 2006, 2007).  Intake of vegetables is an important path of heavy 
metal toxicity to human being. People are exposed to toxic air pollutants in many 
ways; 
 Breathing contaminated air.  
 Eating contaminated food products, such as fish from contaminated waters; 
meat, milk, or eggs from animals that fed on contaminated plants; fruits and 
vegetables grown in contaminated soil on which air toxics have been 
deposited.  
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  Drinking water contaminated by toxic air pollutants.  
  Ingesting contaminated soil.  
 Touching (making skin contact with) contaminated soil, dust, or water (for 
example, during recreational use of contaminated water bodies).  
5.2 Heavy Element Contamination by fly ash 
Coal is the world‟s most abundant and widely spread fossil resource. It plays an 
important role in Indian energy sector (Benito et.al 2001). In India 110 million tons of 
fly ash is being generated by thermal power plants as a by-products of coal 
combustion. Fly ash contains trace amount of toxic metals which may have adverse 
effect on human health as well as on plants as the unused fly ash is disposed off in to 
landfills, ponds, slag heaps and it is used in construction materials etc. Disposal of this 
material is of environmental concern (Piekos et.al. 1998). Coal contains significant 
quantities of trace elements. During the combustion process of coal, trace elements are 
enriched as a result of carbon loss as CO2 and the trace elements are associated with 
the surface of the ash particle due to evaporation and condensation (Benito et.al 2001). 
The disposal of fly ash is considered a potential source of contamination as the trace 
elements associated with the surface of fly ash particle (Chois et.al.2002). Most of the 
elements Mn, Ba, V, Co, Cr, Ni, Ln, Ga, Nd, As, Sb, Sn, Br, Zn, Se, Pb, Hg, and S in 
coal are volatile to a significant extent in the combustion process. However, the 
elements Mg, Na, K, Mo, Ce, Rb, Cs, and Nb appear to have smaller fractions 
volatilized during combustion, whereas Si, Fe, Ca, Sr, La, Sm, Eu, Tb, Py, Yb, Y, Se, 
Zr, Ta, Na, Ag, and Zn are either not volatilized or show only minor trends related to 
the geochemistry of mineral matter (Iyer R. 2002). The toxic elements leached from 
fly ash can contaminate surface water ground water and soil. So it is necessary to 
estimate the heavy elements in environment. 
 
 
 
109 
 
5.3 Elements Detected in the Present Study  
5.3.1 Micronutrients 
5.3.1.1 Iron 
Iron (Fe) is the third most abundant element in the Earth crust. The most important 
iron minerals in soil are hematite (Fe2O3) and magnetite (Fe3O4). Iron is an essential 
micronutrient for plant growth. It is needed for chlorophyll formation. In animals, iron 
is present in the blood haemoglobin, which acts as a carrier of oxygen. 
5.3.1.2 Zinc 
The average Zn content in normal agricultural soils is 50 μg/g (Brady, 1990). In soil 
solution, Zn is present as the divalent Zn
2+ 
ion. Most Zn compounds are sparingly 
soluble in water. Because of its cationic nature, the Zn ion is adsorbed by the 
negatively charged surfaces of soil colloids, and is then called exchangeable Zn. Zinc 
is a micronutrient to plants, and is needed only in very small amounts. The element 
functions as a catalyst. It is present in several plant enzymes, e.g. dehydrogenase, 
proteinase, and peptidase. Zinc is also essential for seed and grain production, and 
development of growth hormones. 
5.3.1.3 Manganese 
Manganese (Mn) is present in small quantities in many rocks. It is released into the 
soil by rock weathering and is re-deposited in various forms of Mn oxides.  The total 
Mn content in soils varies considerably from 20 μg/g to 6000 μg/g (Krauskoph, 1973). 
The element can exist in three oxidation states: Mn
2+
, Mn
3+
, and Mn
4+
. Manganese is 
an essential micronutrient and is needed by plants to activate a number of enzymes. 
Manganese is required for plant growth only in very small amounts. Manganese is one 
of the toxic essential trace elements, which means that it is not only necessary for 
human being to survive, but it is also toxic when too high concentrations are present in 
a human body. 
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5.3.1.4 Copper 
Copper (Cu), is classified as a native element, meaning that it can occur as a native 
element in the Earth crust in contrast to such elements as Al, which exist only in the 
form of a compound. The most common form of Cu in soils is in the form of minerals, 
e.g. in the forms of sulphides, sulphates, oxides, carbonates, and silicates. The most 
common Cu mineral in soils is perhaps chalcopyrite (CuFeS2). The total Cu content in 
soils is in the range of 10 μg/g to 80 μg/g (Krauskoph, 1973). On copper-rich soils 
only a limited number of plants have a chance of survival. 
5.3.1.5 Molybdenum  
Molybdenum (Mo) is a rare element in soils, and is present only in very small amounts 
in igneous and sedimentary rocks. The major inorganic source of Mo is molybdenite 
(MoS2). The total Mo content in soils is perhaps the lowest of all the micronutrient 
elements, and is reported to range between 0.2 pg/g and 10 pg/g. 
5.3.2 Macronutrients 
5.3.2.1 Calcium 
Calcium (Ca) is the fifth element and the third most abundant metal in the Earth‟s 
crust. The calcium compounds account for 3.64% of the Earth‟s crust. The distribution 
of calcium is very wide; it is found in almost every terrestrial area in the world. This 
element is essential for the life of plants and animals (it is present in the animal‟s 
skeleton), in tooth, in the egg‟s shell, in the coral and in many soils. Seawater contains 
0.15% of calcium chloride. Calcium cannot be found alone in nature. Calcium is found 
mostly as limestone, gypsum and fluorite. Stalagmites and stalactites contain calcium 
carbonate. Calcium is always present in every plant, as it is essential for its growth. It 
is contained in the soft tissue, in fluids within the tissue and in the structure of every 
animal‟s skeleton. The vertebrate‟s bones contain calcium in the form of calcium 
fluoride, calcium carbonate and calcium phosphate. On the other hand calcium 
phosphide is very toxic to aquatic organisms. 
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5.3.2.2 Sodium 
Sodium (Na) is the sixth most abundant element in the Earth‟s crust, which contains 
2,83% of sodium in all its forms. Sodium is, after chloride, the second most abundant 
element dissolved in seawater. The most important sodium salts found in nature are 
sodium chloride (halite or rock salt), sodium carbonate (trona or soda), sodium borate 
(borax), sodium nitrate and sodium sulfate. Sodium salts are found in seawater 
(1.05%), salty lakes, alkaline lakes and mineral spring water. The sun and many other 
stars shine with visible light in which the yellow component dominates and this is 
given out by sodium atoms in a high-energy state. This chemical is not mobile in solid 
form, although it absorbs moisture very easily. Once liquid, sodium hydroxide leaches 
rapidly into the soil, possibly contaminating water sources. 
 
5.3.2.3 Potassium 
Most potassium (K) occurs in the Earth's crust as minerals, such as feldspars and clays. 
Potassium is leached from these by weathering, which explains why there is quite a lot 
of this element in the sea (0.75 g/l). Potassium is a key plant element. Although it is 
soluble in water, little is lost from undisturbed soils because as it is released from dead 
plants and animal excrements, it quickly become strongly bound to clay particles, and 
it is retained ready to be re-adsorbed by the roots of other plants. The consequences of 
low potassium levels are apparent in a variety of symptoms like restricted growth, 
reduced flowering, lower yields and lower quality produce. High water soluble levels 
of potassium cause damage to germinating seedlings, inhibits the uptake of other 
minerals and reduces the quality of the crop. Potassium can effect human being, when 
breathed in. Inhalation of dust or mists can irritate the eyes, nose, throat, lungs with 
sneezing, coughing and sore throat. Higher exposures may cause a build up of fluid in 
the lungs, this can cause death. Skin and eye contact can cause severe burns leading to 
permanent damage. 
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5.3.2.4 Magnesium 
Magnesium (Mg) is the eighth most abundant element and constitutes about 2% of the 
Earth's crust by weight, and it is the third most plentiful element dissolved in 
seawater.  
It‟s very abundant in nature, and it‟s found in important quantities in many rocky 
minerals, like dolomite, magnetite, olivine and serpentine. It‟s also found in seawater, 
underground brines and salty layers. It‟s the third most abundant structural metal in the 
Earth‟s crust, only exceeded by aluminium and iron. Humans take in between 250 and 
350 mg/day of magnesium and need at least 200 mg. 
5.3.3 Potentially Toxic Elements 
Potentially toxic elements Cd, Cr, Ni, Pb industrial wastes, soils could become 
seriously contaminated with certain potentially hazardous products of the industry, 
like cadmium (Cd), chromium (Cr) and lead (Pb). 
5.3.3.1 Cadmium 
Cadmium (Cd) is regarded as one of the most toxic trace elements in the environment. 
The increased emissions resulting from its production, use and disposal, combined 
with its persistence in the environment, and its relatively rapid uptake and 
accumulation by food chain crops contribute to its potential environmental hazards. 
Cadmium may find its way to the human population through food and beverage, 
drinking water, air, and cigarette smoking. 
5.3.3.2 Chromium 
As chromium (Cr) compounds are used in dyes and paints and the tanning of leather, 
these compounds are often found in soil and groundwater at abandoned industrial 
sites. Primer paint containing hexa-valent chromium is still widely used 
for aerospace and automobile refinishing applications. Chromium is the 24th 
most abundant element in Earth's crust with an average concentration of 100 ppm, 
chromium compounds are found in the environment, due to erosion of chromium-
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containing rocks and can be distributed by volcanic eruptions. The concentrations in 
soil ranges from 1 to 3000 mg/kg, in sea water 5 to 800 µg/l, and in rivers and lakes 
26 µg/l to 5.2 mg/l. 
5.3.3.3 Lead 
Lead (Pb) occurs naturally in the Earth's crust, usually as lead sulphide PbS (galena). 
However, as a result of human activity, in the atmosphere nowadays lead is found 
mainly as PbSO4 and PbCO3. Lead occurs naturally in the environment. However, 
most lead concentrations that are found in the environment are result of human 
activities. 
Indeed lead poisoning is probably the oldest recorded industrial (occupational) 
disease. Lead is a potentially toxic element, as it can accumulate in individual 
organisms, but also in entire food chains. 
5.3.3.4 Antimony 
Antimony (Sb) occurs naturally in the environment. But it also enters the environment 
through several applications by humans. Antimony is an important metal in the world 
economy. Antimony has been known since ancient times. It is sometimes found free in 
nature, but is usually obtained from the ores stibnite (Sb2S3) and valentinite (Sb2O3). 
Exposure to relatively high concentrations of antimony (9 mg/m
3
 of air) for a longer 
period of time can cause irritation of the eyes, skin and lungs. As the exposure 
continues more serious health effects may occur, such as lung diseases, heart 
problems, diarrhoea, severe vomiting and stomach ulcers. Antimony can be found in 
soils, waters and air in very small amounts. Antimony mainly pollute soils. 
5.3.3.5 Cobalt 
Most of the Earth's cobalt (Co) is in its core. Cobalt is of relatively low abundance in 
the Earth's crust and in natural waters, from which it is precipitated as the highly 
insoluble cobalt sulfide CoS. Although the average level of cobalt in soil is 8 ppm, 
there are soil with as little as 0.1 ppm and others with as much as 70 ppm. Cobalt is 
not found as a free metal and is generally found in the form of ores. Soils near mining 
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and melting facilities may contain very high amounts of cobalt, so that the uptake by 
animals through eating plants can cause health effects. Cobalt will accumulate in 
plants and in the bodies of animals that eat these plants, but cobalt is not known to bio 
magnify up the food chain. Because of this fruits, vegetables, fish and other animals 
we eat will usually not contain very high amounts of cobalt. 
5.3.3.6 Strontium 
Strontium (Sr) is commonly occurs in nature, forming about 0.034% of all igneous 
rock and in the form of the sulfate mineral celestite (SrSO4) and the carbonate 
strontianite (SrCO3). Strontium in its elemental form occurs naturally in many 
compartments of the environment, including rocks, soil, water, and air. Strontium 
compounds can move through the environment fairly easily, because many of the 
compounds are water-soluble. Strontium is always present in air as dust, up to a 
certain level. Strontium concentrations in air are increased by human activities, such as 
coal and oil combustion. Strontium concentrations in soil may also be increased by 
human activities, such as the disposal of coal ash and incinerator ash, and industrial 
wastes. Strontium in soil dissolves in water, so that it is likely to move deeper into the 
ground and enter the groundwater. 
5.4 Introduction to Atomic Absorption Spectrometry (AAS) 
In 1924 Angerer and Joos studied the atomic absorption spectra of metals in the 
iron  group  and  Frayne  and  Smith  in  1926  of  indium,  gallium,  aluminium and 
thallium. Hughes and Thomas in 1927 studied the absorption and resonance effects of 
mercury. Lunegardh in 1928 demonstrated atomic emission spectroscopy (AES) in 
an air-acetylene flame using a pneumatic nebulizer. In 1930, Mueller and Pringsheim 
published an atomic absorption method of measuring mercury content of air thereby 
carrying on Woods original project of 1913 and 1919. 
The first real applications of atomic absorption to chemical analysis were made by 
Walsh in 1955, and Alkemade in the same year. Walsh made significant 
contributions to the development of AAS as an analytical tool. He used the hollow 
cathode lamps as a line source, greatly reducing the resolution required for successful 
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analysis. As photomultipliers had become available, the problems associated with 
measuring absorption with a photographic plate were eliminated. His introduction 
of modulation into the system permitted the detector to distinguish between 
absorption and emission by atoms at the same wavelength. He also utilized the 
flame for atomization (Ebdon L 1982). 
 5.5 Atomic Absorption Spectrophotometer (AAS) 
Atomic absorption is a process involving the absorption by free atoms of an element 
of light at a wavelength specific to that element, or more simply, it is a means by 
which the concentration of metals can be measured. In atomic spectrometry, 
emission, absorption and fluorescence, energy is put into the atom population by 
thermal, electromagnetic, chemical and electrical forms of energy  and  are  converted  
to  light  energy  by  various  atomic  and  electronic processes before measurement. 
Atomic absorption spectrometry is useful not only for the identification but also the 
quantitative determination of many elements present in samples. The technique is 
specific, in that individual elements in each sample can be reliably identified and it is 
sensitive, enabling small amounts of an element to be detected down to around 1µg g-
1  (1ppm) i.e. one part in one million using straightforward flame procedures. Low 
levels can be determined down to .001ppm using more sophisticated procedures. 
5.5.1 Basic Principle of AAS 
The technique makes use of absorption spectrometry to assess the concentration of an 
analyte in a sample. It requires standards with known analyte content to establish the 
relation between the measured absorbance and the analyte concentration and relies 
therefore on the Beer-Lambert law. The radiation flux without a sample and with a 
sample in the atomizer is measured using a detector, and the ratio between the two 
values (the absorbance) is converted to analyte concentration or mass using the Beer-
Lambert Law. 
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5.5.1.1 Beer Lambert Law 
This law describes the quantitative relationship between the absorbance of radiant 
energy, the concentration of the sample solution, and the length of the path through the 
sample. The figure 5.1 shows a beam of monochromatic radiation of radiant power P0, 
directed at a sample solution. Absorption takes place and the beam of radiation leaving 
the sample has radiant power P. 
 
Figure 5.1 Block diagram representation of Beer-Lambert Law 
 
The amount of radiation absorbed may be measured in a number of ways:  
Transmittance, T = P / P0 
% Transmittance, %T = 100 T  
Absorbance, A 
A = log10 P0 / P 
A = log10 1 / T  
 
5.5.2 Basic Instrumentation of AAS  
Flame atomic absorption hardware is divided into six fundamental groups that have 
two major functions: generating atomic signals and signal processing. Signal 
processing is a growing additional feature to be integrated or externally fitted to the 
instrument. Block diagram is shown in figure 5.2. 
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When a sample or sample solution is burned in a flame or heated in a tube, the 
individual atoms of the sample are released to form a cloud inside the flame or 
tube. Each atom consists of a positively charged nucleus surrounded by a number of 
electrons in rapid motion around the nucleus (Cantle J.E. 1982)  
 
 
 
Figure 5.2 Block diagram of Atomic Absorption Spectrometer 
 
5.5.2.1 Hollow Cathode Lamp 
 Provides the analytical light line for the element of interest 
 Provides a constant yet intense beam of that analytical line 
Hollow cathode lamps are the most common radiation sources in AAS. Inside the 
sealed lamp, filled with argon or neon gas at low pressure, is a cylindrical metal 
cathode containing the element of interest and an anode (as shown in figure 5.3). A 
cathode lamp is a stable light source, which is necessary to emit the sharp 
characteristic spectrum of the element to be determined. A different cathode lamp is 
needed for each element, although there are some lamps that can be used to determine 
three or four different elements. Every time a lamp is changed, proper alignment is 
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needed in order to get as much light as possible through the flame, where the analyte is 
being atomized, and into the monochromator. 
High voltage is applied across the anode and cathode, resulting in 
 ionization of rare gas atoms 
  acceleration of gas into cathode 
  metal atoms of the cathode are sputtered into gas phase 
  collision of sputtered atoms with gas atoms or electrons excite metal atoms to 
higher energy levels 
 decay to lower energy levels by emission of light 
 
 
Figure 5.3 Block Diagram for Hollow Cathode Lamp 
5.5.2.2 Nebulizer 
 Sucks up liquid sample at a controlled rate 
 Creates a fine aerosol for introduction into the flame  
 Mixes the aerosol and fuel and oxidant thoroughly for introduction into the 
flame 
Three steps are involved in turning a liquid sample into an atomic gas: 
• Desolvation (drying) – the liquid solvent is evaporated, and the dry sample 
remains.  
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• Vaporization (transfer to the gaseous phase)– the solid sample vaporises to a 
gas.  
• Volatilization – the compounds making up the sample are broken into free 
atoms. 
Block diagram is given in figure 5.4 
 
 
Figure 5.4 Block diagram for the working of AAS 
5.5.2.3 Flame 
Destroys any analyte ions and breakdown complexes 
Creates atoms (the elemental form) of the element of interest 
Fe0, Cu0, Zn0, etc. 
In case of air/acetylene the temperature of flame is 2400-2700 K, and in presence of 
nitrous oxide/ acetylene, the flame temp. is 2900-3100 K. 
Some elements have different colour e.g. Ca gives brick red colour, K – Violet, Cu – 
Blue green, Na – Intense yellow etc. 
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5.5.2.4 Absorption of Light 
• When light is absorbed by a sample, the radiant power P (energy per unit time 
per unit area) of the beam of light decreases. 
• The energy absorbed may stimulate rotation, vibration or electronic transition 
depending on the wavelength of the incident light. 
5.5.2.5 Monochromator 
Isolates analytical lines' photons passing through the flame 
Removes scattered light of other wavelengths from the flame 
In doing this, only a narrow spectral line impinges on the PMT. 
5.5.2.6 Photomultiplier Tube (PMT) 
As a detector, PMT determines the intensity of photons of the analytical line exiting 
the monochromator (Thomas G. Chasteen, 2000). 
. 
 Photo multiplier tube, Extremely sensitive can detect single photons 
 Produce a small current that is proportional to the number of photons 
 Op-amps produce a voltage that is then digitized for analysis. 
5.5.3 Detection Limit 
Detection limit is a statistical function which takes into account blank levels, 
sensitivity and signal to noise ratios. The detection limit is defined as that 
concentration of an element in mgl-1, which gives a reading equal to three times the 
standard deviation of a signal measured close to the blank level. The standard 
deviation is calculated using at least 10 sequential readings. 
 
The noise level is present on the zero absorbance base line and on the absorption 
signal, and there will be a smallest concentration of a particular element that can be 
distinguished from the baseline noise signal. The detection limit is a statistical 
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measure of this concentration. These effects are apparent whether an instrument has 
a meter, or a digital readout (Metcalfe, 1987). 
5.5.4 Sensitivity 
The analytical performance of an atomic absorption spectrometer is usually 
expressed in the form of a list of elements with their associated sensitivities and 
detection limits. In atomic absorption the term "sensitivity" has a special meaning 
and is defined as that concentration of the element in ppm (or mg ml-1 or mg l-1) in 
aqueous solution, which gives an absorbance of 0.0044, equal to 1% absorption of 
the transmitted radiation. Knowledge of the sensitivity value for a particular element 
is useful, because from it the optimum concentration range for that element may be 
computed. Normally, this optimum concentration range lies between 20 and 200 times 
the sensitivity value. For example magnesium, whose quoted sensitivity is 0.003mg 
l-1, the optimum range is 0.06-0.6mg l
-1
. It is also useful for determining whether or 
not the instrument parameters have been adjusted to fully optimize the instrument, 
and as a check to determine how well the various standards have been prepared. 
 
In order to optimize the accuracy of the analysis, an absorbance range between 0.1-
0.8A is required. At low absorbance readings, the reading accuracy is limited, while  
at  high  absorbance  values,  such  factors  as  stray  light  may  cause considerable 
deviations from Beer's Law, with consequent loss in accuracy. Sensitivities are 
checked by aspirating a freshly prepared aqueous solution of the element, to give an 
absorbance reading of about 0.1. Instrumental parameters are then adjusted for 
optimum sensitivity, or greatest deflection. The concentration of the element in mg l-
1 giving 0.0044 absorbance may then be easily calculated (Metcalfe, 1987). 
5.6.1 Advantage of Atomic Absorption Spectroscopy 
 Wide spread application 
 High sensitivity 
 Freedom from interference 
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 Independent of flame temperature and absorption wavelength region 
5.6.2 Disadvantages over Advantages of AAS 
 Does not determine non-metals 
 Doesn‟t analyse solid or gas samples directly 
 Determines only one atom at a time 
 Anionic interference 
5.7 Experimental Procedure 
5.7.1 Sample collection and Preparation 
In the present work all the samples were collected from their respective sites. 
Collected samples were crushed with the help of mortar and pestle and sieved using 
scientific sieve with 150 micron mesh size, and then dried in muffle furnace at 110
0
C 
for 2-3 hours in order to remove moisture from the samples. These samples were then 
digested according to the digestion method given below: 
5.7.1.1 Sample Preparation 
For detection of heavy elements 1 g of each (oven dried sieved) sample was weighed 
accurately, and then reacted with freshly prepared “aqua regia” or “nitro hydrochloric 
acid”. The mixture  (aqua regia) was prepared by freshly mixing concentrated nitric 
acid and hydrochloric acid, in a volume ratio of 1:3. That sample solution was kept 
overnight at room temperature and then heated on hot plate with low heating till the 
fumes started to disappear. For cooling, sample solution was left for a few hours at 
room temperature and then filtered in a volumetric flask with the help of watmann 
(no.1) filter paper. Filtration of the sample was diluted or “makeup” with metal free 
water up to the given mark on volumetric flask. For AAS sample preparation all the 
used chemicals were ultra pure or specific for AAS. Below figure 5.5 shows the 
prepared soil sample solutions. 
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Figure 5.5 Soil sample solutions  
5.7.1.2 Standard Solution 
For all elements of interest readymade standard solutions of good quality (from 
Fischer Scientific & Merck) were used and then those standard solutions of 1000 ppm 
were diluted according to its given working range as shown in the table (Jeffery et. 
al.1989). For each element three standard solutions were prepared and for a few 
elements four standard solutions were prepared. All the prepared samples were 
analysed by the same technique. 
5.8 Mono-element Hollow Cathode Lamp Working Conditions 
The following table 5.1 gives information on the mono element hollow cathode lamp 
conditions including the wavelength of the lamp, working current range, the type of the 
flame, and the working range of the element in ppm. The lamp can be used for the 
quantification of the element to the extent of ten times lower than the lower limit of the 
working range. If the concentration is more than the higher limit of the working range, 
the sample is diluted so that its concentration falls in the working range.  
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Table 5.1 The wave length, type of flame and working range for the elements. 
Element 
Absorbing Lines (nm) 
Current (mA) Flame Working     
Range (ppm) 
Most 
Sensitive 
Alternative Max. Operating 
Aluminium (Al) 396.2 308.2 12 7-12 NA(R) 40-200 
Antimony (Sb) 217.6 206.8 15 7-10 AA(L) 10-40 
Arsenic (As) 193.7 189.0 12 7-10 AA(R) 50-200 
Barium (Ba) 553.5 455.4 12 7-10 NA(R) 10-40 
Beryllium (Be) 234.9 ---- 15 7-15 NA(R) 1-5 
Bismuth (Bi) 223.1 222.8 10 7-10 AA(L) 10-40 
Boron (B) 249.8 208.0 15 7-15 NA(R) 400-600 
Cadmium (Cd) 228.8 326.1 10 3-7.5 AA(L) 0.5-2 
Caesium  (Cs) 852.1 455.6 10 7-10 AA(L) 5-20 
Calcium (Ca) 422.7 239.9 10 5-7.5 NA(R) 1-5 
Chromium (Cr) 357.9 452.4 15 5-10 AA(R) 2-8 
Cobalt (Co) 240.7 304.4 15 7-15 AA(L) 2-12 
Copper (Cu) 324.7 217.9 15 5-10 AA(L) 1-5 
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Dysprosium (Dy) 419.5 404.6 15 5-10 NA(R) 50-200 
Erbium (Er) 400.8 389.3 15 5-10 NA(R) 30-120 
Europium (Eu) 459.4 462.7 15 7-15 NA(R) 15-60 
Gadolinium (Gd) 368.4 403.315 15 5-7.5 NA(R) 500-2000 
Germanium (Ge) 265.1 271.0 15 5-10 NA(R) 70-300 
Gold (Au) 242.8 267.6 12 5-10 AA(L) 1-5 
Hafnium (Hf) 307.8 268.2 15 5-10 NA(R) 400-1600 
Holmium (Ho) 410.4 425.4 15 5-10 NA(R) 40-160 
Hydrogen (H) Continuum 40 5-40 ----  
Indium (In) 303.9 325.6 15 4-7.5 AA(L) 15-60 
Iridium (Ir) 208.9 264.0 15 7-10 AA(R) 40-160 
Iron (Fe) 248.3 248.3 15 7-15 AA(L) 2-10 
Lanthanum (La) 550.1 403.7 15 6-10 NA(R) 2500-10000 
Lead (Pb) 217.0 261.4 8 7.5-12 AA(L) 2-10 
Lithium (Li) 670.8 323.3 10 5-7.5 AA(L) 1-4 
Lutetium (Lu) 335.9 356.7 15 7-10 NA(R) 400-1600 
Magnesium (Mg) 285.2 202.5 10 3-7.5 AA(L) 0.1-0.5 
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Manganese (Mn) 279.5 279.8 15 5-15 AA(L) 1-5 
Mercury (Hg) 253.7 ---- 7 3-7 AA(L) 100-400 
Molybdenum 313.3 320.9 15 7-10 NA(R) 15-60 
Neodymium (Nd) 492.5 463.4 15 5-10 NA(R) 350-1200 
Nickel (Ni) 232.0 231.1 15 7-15 AA(L) 3-10 
Niobium (Nb) 334.9 405.9 15 7-15 NA(R) 1000-4000 
Osmium (Os) 290.9 305.9 15 7-10 NA(R) 50-200 
Palladium (Pd) 247.6 244.8 15 3-7.5 AA(L) 3-10 
Platinum (Pt) 265.9 264.7 15 7-15 AA(L) 50-200 
Potassium (K) 766.5 404.4 10 7.5-10 AA(L) 1-4 
Rhenium (Re) 346.0 346.5 15 6-10 NA(R) 400-1600 
Rhodium (Rh) 343.5 328.1 15 5-10 AA(L) 5-25 
Rubidium (Rb) 780.0 794.8 12 6-10 AA(L) 2-10 
Ruthenium (Ru) 349.9 392.6 15 5-10 AA(L) 30-120 
Samarium (Sm) 429.7 476.0 15 7-15 NA(R) 300-1200 
Scandium (Sc) 391.2 390.8 15 5-10 NA(R) 15-60 
Selenium (Se) 196.0 204.0 7 5-7 AA(R) 20-90 
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Silicon (Si) 251.6 250.7 15 7-15 NA(R) 70-280 
Silver (Ag) 328.1 338.3 10 5-10 AA(L) 1-5 
Sodium (Na) 589.0 330.2 10 5-7.5 AA(L) 0.2-0.4 
Strontium (Sr) 460.7 407.8 12 7-10 NA(L) 2-10 
Tantalum (Ta) 271.5 275.8 15 5-10 NA(R) 200-500 
Tellurium (Te) 214.3 225.9 10 7-10 AA(L) 10-40 
Terbium (Tb) 432.7 431.9 15 5-10 NA(R) 200-500 
Thallium (Tl) 276.7 258.0 15 6-10 AA(L) 40-120 
Thulium (Tm) 371.8 436.0 15 6-10 NA(R) 10-50 
Tin (Sn) 233.5 224.6 15 5-7.5 AA(R) 15-60 
Titanium (Ti) 364.3 365.4 15 7-10 NA(R) 10-50 
Tungsten (W) 255.1 294.7 15 7-10 NA(R) 250-1000 
Uranium (U) 358.5 356.6 15 6-10 NA(R) 5000-20000 
Vanadium (V) 318.5 306.6 15 7-10 NA(R) 40-120 
Ytterbium (Yb) 398.8 346.4 12 5-7.5 NA(R) 3-12 
Yttrium (Y) 410.2 414.2 10 5-7.5 NA(R) 200-800 
Zinc (Zn) 213.9 307.6 15 4-10 AA(L) 0.2-1.0 
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Zirconium (Zr) 360.1 468.7 15 7-15 NA(R) 400-1600 
 
L – Fuel lean flame                                   R – Fuel rich flame 
AA – Air/Acetylene flame                        NA – Nitrous oxide/Acetylene flame 
5.9 Measurement of Elements 
All the prepared samples were analysed for all heavy elements and micronutrients of 
our interest by using atomic absorption spectrometer. Different flames can be achieved 
using different mixtures of gases, depending on the desired temperature and burning 
velocity. Some elements can only be converted to atoms at high temperatures.  For the 
determination of all interested elements, two flame conditions were used, which is air-
acetylene and nitrous oxide acetylene flame. For this quantitative analysis atomic 
absorption spectrometer model AA 203D of Thermo Fischer Scientific was used. 
Aspiration of the samples followed by atomization in either an air acetylene or nitrous 
oxide acetylene flame occurs in normal use. The absorption of single frequency light 
by atoms of a sample in the flame is measured relative to a known standard and the 
concentration of the element in the sample is derived.  
5.10 Results and Discussion 
Some persistent toxic air pollutants accumulate in body tissues and are further 
concentrated as they reach the next higher level in the food chain. As a result, man and 
other animals at the top of the food chain that eat contaminated fish or meat are 
exposed to concentrations that are much higher than the concentrations in the soil, 
water or air. In the present study we have investigated the toxic and other heavy 
elements and micronutrients (As shown in the table 5.2 to table 5.5). Environmental 
impact of heavy elements depends not only on their emission, mainly it depends on 
deposition rates, relative increase in heavy metal content in soil and other factors. 
5.10.1 Soil 
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As shown in table 5.6 all the investigated elements ( i.e. major, minor and trace 
elements) in the studied soil samples (Soil 1 collected from Palampur, Imphal and Soil 
2 collected from the vicinity of Kota Thermal Power Station, Kota, Rajasthan), are 
quite lower than the normal values of natural soil. The range of Cd, Cr, Pb, Zn are 
quite low in comparison of regulatory limits of (NJDEP, 1996) and Co, Cu, and Mo is 
also lower than the threshold limit value of Hungarian governmental regulations 2000. 
From the table 5 it is clear that all the soil samples are quite lower than the range of 
natural soil as well as levels of Hungarian governmental regulations and regulatory 
limits. In comparison of other study carried out by Rautray et. al. 2009, results of the 
present study are low as shown in the table 5. 
5.10.2 Fly ash 
For fly ash samples all the studied elements are lower than the range of elemental 
composition of fly ash given by Page et. al 1979 as shown in the table 5.7, and from 
the same table 6 it can be seen that the concentration of all the elements are also very 
low in comparison of other studies performed by different groups (Kishore et al 2009, 
Kumar et al 2005, Rautray et al, 2009).  Table 5.8 shows the results of heavy metal 
concentration from coal fly ash, presented in the study is compared with the results of 
other countries, and were found lower in comparison with the results of other 
countries. As it can be seen from the table 5.8 heavy element concentration for 
Macedonia, Spain and Greece are higher in comparison of Philippines, UK and India. 
5.10.3 Building Construction Materials 
Building construction materials are also a matter of concern because they can have 
serious effects on human health. The use of heavy metals in building products leads to 
the release of these toxics in the environment during production, disposal and use. 
Heavy metals are found throughout a building system. Building material like cement 
made from natural raw materials, contains small quantities of trace elements that enter 
the production process via raw materials and fuels. Cement is an important binding 
material for construction industry and it is produced worldwide in large amounts.  
130 
 
It can be seen from the table 5.9, most of the cement samples contain trace elements 
content higher than the maximum values given by the report VDZ 2003- 2005. The 
concentration of heavy elements in the other building construction materials like sand, 
wall putty etc. are given in the table 5.5.  
5.11 Conclusion 
The concentrations of all the investigated elements presented in this study are quite 
lower than the elemental composition of soil and fly ash but for the building 
construction materials the levels are on higher side than the maximum trace element 
contents. 
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Tables and Figures 
Table 5.2 Concentration of heavy elements as well as macro, micro nutrients in soil samples collected from Imphal and Palampur, India. 
Sample 
code 
Pb 
ppm 
Cd  
ppm 
Cr  
ppm 
Co  
ppm 
Sb  
ppm 
Cu  
ppm 
Ca  
ppm 
Na  
ppm 
K  
ppm 
Zn  
ppm 
Mn  
ppm 
Mg  
ppm 
Fe  
Ppm 
Sr  
ppm 
Mo  
ppm 
I1 21.0 00 32.0 26.5 53.5 27.0 8000 57.0 200 60.5 304 85 1225 4.0 1.5 
I2 29.5 00 33.5 26.5 51.0 27.5 6300 66.0 300 62.0 311.5 115 1230 4.0 13.5 
I3 20 00 31.0 25.5 53.0 27.0 5600 56.5 200 60.5 306 130 1226 4.0 13.5 
I4 26.5 00 34.0 26.0 53.5 20.0 5600 57.0 200 65.0 320 105 1233 4.5 2.5 
I5 26.0 00 34.0 26.0 53.5 19.0 6200 65.5 300 63.5 313 125 1225.5 5.0 12.5 
I6 28.0 00 33.0 26.0 59.5 31.5 6000 58.0 200 65.5 325 120 1228.5 4.5 10.5 
I7 26.0 00 32.0 26.5 55 28.5 5800 56.5 300 62.0 312 135 1235 4.0 13.0 
I8 27.5 00 31.0 26.0 53.5 30.2 5600 58.0 200 63.5 306 128 1250 4.4 12.5 
P1 27.0 00 14.0 13.0 54.5 24.5 7200 41.5 2400 61.0 369.5 105 1206.5 7.5 9.0 
P2 29.5 00 12.5 11.0 57.5 32.0 10000 43.0 2497 69.5 371.5 125 1197.5 16.0 8.5 
P3 29.5 00 11.5 11.5 58.5 40.0 9900 42.0 2450 69.5 371.5 125 1196.5 17.5 8.9 
P4 28.0 00 13.5 12.0 57.0 38.5 7200 43.0 2410 69.5 372.0 120 1195 15.5 9.5 
Std. 
Deviation 3.1 0.0 9.8 7.0 2.6 6.3 1592.9 8.9 1085.1 3.5 29.6 13.9 17.6 5.4 4.0 
Average 26.5 0.0 26.0 21.4 55.0 28.8 6950.0 53.7 971.4 64.3 331.8 118.2 1220.7 7.6 9.6 
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Table 5.3 Concentrations of heavy elements, macro and micro nutrients in soil samples collected from the vicinity of Kota Thermal Power 
Station, Kota, Rajasthan, India. 
Sample 
code 
Pb  
ppm 
Cd  
ppm 
Cr  
ppm 
Co  
ppm 
Sb  
ppm 
Cu  
ppm 
Ca  
ppm 
Na  
ppm 
K  
ppm 
Zn  
ppm 
Mn  
ppm 
Mg  
Ppm 
Fe  
Ppm 
Sr  
ppm 
Mo  
ppm 
KSN1 33.5 00 7.5 7.5 62.0 23.5 12085 52.5 500 55.0 242.5 45 1123.0 20.5 8.0 
KSN2 27.5 00 10.5 8.0 61.0 9.0 7400 45.0 400 31.0 262.5 50 1131.0 8.0 5.0 
KSN3 28.5 00 3.5 8.5 66.5 10.5 12700 40.0 400 46.0 250.0 45 1129 20.5 23.5 
KSN4 30.0 00 10.5 9.0 66.0 15.0 9573 43.0 800 31.0 314.0 65 1157 10.5 3.5 
KSN5 28.5 00 11.5 11.0 76.0 19.0 10284 54.5 700 44.0 270.0 75 1165 154.5 26.5 
KSN6 30.5 0.5 10.5 13.5 77.5 19.9 7500 43.5 800 45.0 262.5 50 1170 15.30 25.0 
KSN7 29.0 0.5 11.5 14.0 77.0 20.5 8000 45.3 750 46.0 270.0 65.5 1172 16.50 24.50 
KSE1 29.0 00 7.0 9.0 74.0 23.50 23500 52.0 800 56.5 255.0 85 1113.5 67.0 30.0 
KSE2 31.5 0.5 8.0 9.0 75.5 12.0 22100 46.5 1300 57.5 248.5 80 1151.5 50.0 35.0 
KSE3 38.5 0.5 7.0 9.0 74.0 18.50 23400 50.5 1400 69.0 245.5 75 1118.5 64.5 38.0 
KSE4 34.5 0.5 15.0 12.0 76.5 19.50 21065 53.0 1000 34.5 351.0 80 1194.5 17.0 36.0 
KSE5 30.5 0.5 12.0 13.0 81.5 17.0 25000 59.5 1400 44.5 322.0 80 1153.5 196.5 39.5 
KSE6 35.0 00 14.0 13.5 77.6 22.0 21500 55.0 1300 45.0 250.5 77.0 1150 65.0 40.0 
KSE7 33.5 0.5 12.5 13.5 76.9 21.5 23000 56.5 1350 50.0 245.0 80.0 1129 72.5 39.2 
KSIN 32.0 00 1.5 10.0 77.0 17.0 17300 64.5 500 32.0 344.0 65 1118.0 56.0 35.0 
Std. 
Deviation 3.0 0.3 3.7 2.3 6.2 4.5 6787.2 6.8 372.7 10.9 37.6 14.1 24.1 54.5 12.6 
Average 31.5 0.2 9.5 10.7 73.3 17.9 16293.8 50.8 893.3 45.8 275.5 67.8 1145.0 55.6 27.2 
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Table 5.4 Concentrations of heavy elements, macro micro nutrients in fly ash samples collected from Kota Thermal Power Station, Kota, 
Rajasthan. 
Sample 
code 
Pb  
ppm 
Cd  
ppm 
Cr  
ppm 
Co  
ppm 
Sb  
ppm 
Cu  
ppm 
Ca  
ppm 
Na  
ppm 
K  
ppm 
Zn  
ppm 
Mn  
ppm 
Mg  
ppm 
Fe  
ppm 
Sr  
ppm 
Mo  
ppm 
KFFA 31.0 0.5 00 3.5 75.5 6.5 7700 56.0 400 16.5 20.5 15 847.5 15.5 51.0 
KF2 30.5 0.5 0.5 3.0 75.0 6.2 7300 55.0 450 19.0 18.0 17.5 900.0 17.0 52.5 
KF3 31.0 0.5 0.5 3.5 75.5 6.5 7500 55.5 400 18.0 20.5 17.0 890.5 16.6 51.5 
KVFA 31.0 0.5 0.5 4.5 76.0 6.5 6200 32.5 400 40.0 41.5 25 972.5 17.5 54.0 
KV2 29.5 0.5 0.5 4.0 75.3 6.0 6500 33.5 375 38.0 35.9 24.0 965.5 16.0 53.0 
KV3 30.5 0.5 0.5 4.5 76.9 6.4 6300 32.0 400 40.5 38.5 24.5 970.0 17.50 54.5 
KBFA 31.0 0.5 0.5 4.0 74.0 7.5 6700 26.0 400 17.5 44.5 25 926.0 18.0 49.5 
KB2 31.0 0.5 0.5 4.0 73.4 7.5 6500 27.0 400 19.0 40.0 25.0 918.0 17.50 47.0 
KB3 31.0 0.5 0.5 4.0 74.5 7.0 6700 26.5 490 18.5 45.0 24.5 925.0 18.40 48.5 
KMFA 33.0 0.5 4.5 5.5 72.5 6.5 6500 27.5 800 41.5 70.5 25 981.5 18.0 55.0 
KM2 32.0 0.5 4.5 5.0 71.9 6.9 6500 27.0 785 39.5 68.0 24.5 979.0 18.0 54.50 
KM3 33.0 0.5 4.0 5.9 72.8 6.4 6450 27.6 800 40.0 69.5 25.0 982.0 18.50 55.0 
KSFA 33.5 0.5 00 4.0 74.5 7.0 7700 34.5 400 18.5 60.0 15 1018.0 17.5 56.0 
KS2 31.5 0.5 2.0 4.8 74.0 7.7 7500 33.0 375 20.0 58.0 17.0 995.5 16.50 55.5 
KS3 33.0 0.5 2.0 4.3 75.1 7.5 7600 34.0 400 21.5 60.0 16.5 1120.0 17.0 57.0 
Std. 
Deviation 1.1 0.0 1.6 0.8 1.4 0.5 561.9 10.9 162.9 10.8 17.9 4.3 63.8 0.9 2.9 
Average 31.5 0.5 1.4 4.3 74.5 6.8 6910.0 35.2 485.0 27.2 46.0 21.4 959.4 17.3 53.0 
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Table 5.5 Concentrations of heavy elements in building construction materials. 
Sample code Pb  
ppm 
Cd  
pp
m 
Cr  
ppm 
Co  
ppm 
Sb  
ppm 
Cu  
ppm 
Ca  
ppm 
Na  
ppm 
K  
ppm 
Zn  
ppm 
Mn  
ppm 
Mg  
ppm 
Fe  
ppm 
Sr  
ppm 
AMBJA-GC 48.50 10 45.5 15.05 90.0 25 11700 900 4500 65 115 4300 5840 913.5 
SRUTRAGC 132.0 10 49.0 15.92 90.5 30 12300 1400 3800 728 160 5400 5785 1921 
ACC-GC 54.5 10 15.5 27.57 105.0 25 10300 800 2700 50 420 12600 6215 575 
BNGR-GC 217 5 48.0 24.22 100.0 35 12600 900 3300 1130 200 5200 5915 1837 
TUFF-GC 315.5 20 61.0 33.66 175.5 60 9600 1100 4900 1290 255 7000 6670 2740 
JK-GC 54.5 10 15.0 19.48 165.5 35 11600 700 2000 54 220 3000 6085 465 
MYCM-GC 256.0 20 59.0 32.92 133.0 40 9500 1300 5600 1190 240 7500 6410 2751 
PRISM 45.5 15 48.0 14.02 108.0 35 10500 800 3900 805 235 6700 5800 2990 
ULTRATCH 138.0 20 45.5 23.85 85.9 30 12600 900 3700 945 225 7000 5655 3700 
BSMRAT 53.0 10 52.0 14.5 94.0 40 10300 850 3850 604 245 6500 5585 3590 
JP 45.0 20 47.5 18.0 168.0 38 11900 900 3650 750 240 5300 5780 3215 
BIRLA-WC 50.50 20 27.5 1.74 133.0 20 9600 800 3800 45 5 6500 1150 565 
JK-WC 50.50 20 17.5 1.74 140.5 20 9900 1300 3400 35 5 8100 1185 400 
JKWLLPTY 46.0 20 0.55 00 150.5 20 12300 1800 2000 40 40 14600 1275 265 
POP 19.5 00 9.0 00 80.5 15 34500 500 300 35 30 7900 1795 2685 
BU 19.5 00 63.5 3.48 69.5 10 2100 900 3300 75 190 6500 6900 140 
BF 10.5 00 00 00 65.5 35 1900 500 00 34 63.29 2000 1225 140 
Std. Deviation 
90.0 7.7 21.6 11.7 35.5 11.8 6758.2 330.5 
1463.
3 482.8 112.3 3048.7 2250.9 1324.5 
Average 
91.5 
12.
4 35.5 14.5 115.0 30.2 
11364.
7 961.8 
3217.
6 463.2 169.9 6829.4 4662.9 1699.6 
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Table 5.6 Comparison of soil sample investigated in the present study with other samples and regulatory limits. 
Elements Range of 
normal 
value of 
elements in 
natural soil 
(Page et al. 
1979) 
Threshold limit 
values 
(Hungarian 
governmental 
regulation no. 
10/2000, 2000) 
Regulatory 
limits 
(NJDEP, 
1996) 
Maximum 
allowable 
level (Dutch 
standard 
1988) 
Lacatusu R 
1998 
(Rautray 
et al, 
2009)  
Soil 1 
Rautray 
et al, 
2009  
Soil 2 
Present study 
 Soil 1 
Present 
Study 
 Soil 2 
(KTPS) 
Major elements In % 
Ca 0.7- 50 - -  0.33 0.63 0.560 - 1 0.74 – 2.5 
Fe 0.06- 0.6 - -  2.8 3.9 0.12 - 0.13 0.11 – 0.12 
Mg 0.04- 3.0 - -  -  0.009 - 0.014 0.005 - 0.01 
Na 0.03- 2.9 - -  -  0.004 - 0.01 0.004 - 0.01 
K 0.04- 3.1 - -  0.39 0.14 0.02 - 0.25 0.04 – 0.14 
Sr 0.05- 0.4 - -  0.01 0.0044 0.0004 - 0.002 0.001 - 0.01 
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Minor or trace elements in ppm 
Cd 0.01 – 7.0 1 100 5 - -  00 0 – 0.5 
Co 1 - 40 30 -  11.2 28.1 11 – 26.5 7.5 – 14 
Cr 5 - 3000 75 100 250 - - 11.5 - 34 1.5 – 14 
Cu 2 - 100 75 - 100 109.3 159.7 19 – 40 9 – 23.5 
Mn 100 - 4000 - -  611.7 611.7 304 – 372 242.5 – 351 
Mo 0.2 – 5.0 7 -  - - 1.5 – 13.5 3.5 – 40 
Pb 2 - 100 100 600 150 43.3 7.6 20 – 29.5 27.5 – 38.5 
Sb 0.6 - 10 - -  - - 51 – 59.5 61 – 81.5 
Zn 10 - 300 200 1500 500 47.0 55.1 60 – 69.5 31 – 69 
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Table 5.7 Comparison of concentration of elements in fly ash samples obtained in the present study with fly ash samples of other power 
plants in India. (BDL- below detection limit) 
Elements Range of normal 
value of elements 
in fly ash 
 
Kishore et al 
2009 
Kumar et al 
2005 
available 
elements 
Rautray et 
al, 2009  
Angul 
Rautray et 
al, 2009  
Farakka 
Rautray et 
al, 2009  
Sarni 
Present Study 
KTPS, Kota 
Major elements % 
Ca 0.11 – 22.2 0.54 – 17.7 - 0.15 1.1 0.4 0.62 – 0.77 
Fe 1 - 29 0.78 – 28.9 10 - 15 4.94 5.0 3.8 0.09 – 0.11 
Mg 0.04 – 7.6 - - - - - 0.002 – 0.003 
Na 0.01 – 2.03 0.12 – 2.03 - - - - 0.003 – 0.006 
K 0.15 – 3.5 0.15 – 3.4 - 0.75 1.2 0.8 0.038 – 0.080 
Sr 0.006 – 0.39 - - 0.018 0.014 0.012 0.0015 – 0.0018 
Minor and trace elements in ppm 
Cd 0.7 – 130 - 0.03 – 0.07 - - - 0 – 0.5 
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Co 7 – 520 6 – 1500 0.05 – 0.15 21.2 38.1 23.9 3 – 5.9 
Cr 10 – 1000 - 0.3 – 0.6 96.1 129.1 - 0 – 4.5 
Cu 14 – 2800 30 – 3020 0.5 – 1.6 84.4 79.4 87.6 6 – 7.7 
Mn 58 – 3000 31 - 4400 0.9 – 1.5 195.4 238.8 175.2 18 – 70.5 
Mo 7 – 160 - 0.1 – 0.6 - - - 47 – 57 
Pb 3.1 – 5000 - BDL 21.2 32.9 39.2 29.5 – 33.5 
Sb 0.8 – 202 - - - - - 71.9 – 76.9 
Zn 10 - 3500 - 0.4 – 1.8 62.1 60.4 39.8 16.5 – 41.5 
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Table 5.8 Comparison of heavy metals concentration (ppm) in coal fly ash with other countries reported in literature. (ND- not detected) 
Elements Macedonia Spain Greece Philippines UK India Present Study 
(Kota, 
Rajasthan, 
India) 
Cr 93 – 114 134.2 110 – 160 6 – 49 ND 145.75 0 – 4.5 
Zn 163 – 191 221.3 59.6 23 – 138 ND 69 16.5 – 41.5 
Cu 61 – 80 71.8 31.8 – 62.8 22 – 34 ND 83.63 6.0 – 7.7 
Pb 43 – 50 52 123 – 143 8 – 22 17 - 176 54.50 29.5 – 33.5 
Co 22 – 26 29.2 ND 6 – 25 ND 16.88 3 – 5.9 
Cd 0.9 – 1.4 N D ND < 1 0.13 – 0.82 ND 0 – 0.5 
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Table 5.9 Comparison of the maximum trace element content in the cement used for 
concrete production and range of trace element in cements detected in present study. 
Elements Max.values of trace 
elements content in 
the cements in ppm 
(VDZ, 2003 - 2005) 
Present Study 
(ppm) 
Cd 1.0 5 – 20 
Co 13.1 1.74 – 33.6 
Cr 118 15.0 – 63.5 
Cu 108 20 – 60 
Mn 4503 5 – 420 
Mo 14.2 -  
Pb 34.4 45.5 – 315 
Sb 23.1 85.9 – 175.5 
Zn 303 35 – 1290 
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Aim of Present Investigation & Future 
Perspective 
Natural radioactivity in the environment and its causing agents are drawing the 
attention of world community and are of importance due to the toxicity and the cause 
of lung cancer.  The risk of lung cancer in miners, working in uranium mines is known 
for a long time and has been related to radon exposure. Thus study of natural 
radioactivity (
226
Ra, 
232
Th and 
40
K), radon and its daughters, (radon exhalation) is 
important for radiation risk assessment and felt necessary to measure the natural 
environmental radiation levels to have the base line for dose limit of public exposure. 
The potential hazard of radiation exposures to radon gas and its solid daughter 
products from natural background has been highlighted and has become a matter of 
concern. Environmental Protection Agency (EPA) and National Commission on 
Radiation Protection and Measurements, USA have issued guidelines. International 
Commission on Radiation Protection (ICRP) has put up a limit for radiation exposure. 
This thesis elaborates the details of experiments conducted, instruments used and 
analysis of results in the present study. A coaxial n-type HPGe detector (EG&G, 
ORTEC, Oak Ridge, USA) at Inter-University Accelerator Centre, New Delhi (India) 
were used for the estimation of 
226
Ra, 
232
Th and 
40
K concentration (CRa, CTh and CK) in 
the fly ash, soil and other samples. Radon exhalation rate is of prime importance for 
the estimation of radiation risk from various materials. “Sealed Can Technique” was 
adopted for radon exhalation rate measurements in fly ash, soil, and other building 
construction materials used in our country. The application of track detectors to the 
microanalysis of uranium in samples such as soil, building materials, rocks, water, 
plants etc. and to measure radon and its daughter products in indoor and outer 
environment is important for finding the source and to find ways to reduce them. 
Recently various waste materials produced by power plants, chemical and 
metallurgical industry are being commonly used as building materials. Some recent 
practices are to use fly ash (waste product from thermal power plant) to produce 
Portland Pozzlana cement and in the production of bricks; to use phospogypsum (a by-
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product of rock phosphate processing industry) in place of natural gypsum or calcium 
carbonate during manufacture of cement. Some of these waste products (furnace slag, 
fly ash and by product gypsum etc.) contain appreciable amount of natural 
radionuclides from uranium and thorium series. The indiscriminate use of waste 
material may thus cause enhancement of indoor radiation exposure and may be 
potential radiation hazards to the population. Radon data in developed countries is 
being collected since decades due to its implication in causing lung cancer. But India 
lacks in having systematic data and our efforts are in this direction. We plan to carry 
out systematic measurements in our state, neighbouring states for the measurement of 
total risk to human beings.  
Another important part of this thesis is the measurement of heavy elements from the 
samples under investigation. Human beings are also exposed to heavy metals through 
inhalation of air pollutants, consumption of contaminated drinking water, exposure to 
contaminated soils or industrial waste, or consumption of contaminated food. Food 
sources such as vegetables, grains, fruits, fish and shellfish can become contaminated 
by accumulating metals from surrounding soil and water. Heavy metal exposure 
causes serious health effects, including reduced growth and development, cancer, 
organ damage, nervous system damage, and in extreme cases, death. Atomic 
absorption spectrometry is used for the detection of heavy element contamination. 
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Future Perspective 
In the present study an attempt has been made to carry out the total risk in the 
environment by using different techniques. Prolongation of this study may lead to the 
various possible aspects in the field of environmental risk assessment. Such kind of 
study needs to be repeated to get the update database for our states as well as our 
country. A few aspects are given below: 
 In-depth study of heavy elements and radioactivity detection for evaluation 
and analysis of environmental ecology. 
 To study the environmental effects and human health risk due to heavy 
elements and radioactivity. 
 To invent a model based on these studies so that some possible health risks 
and environmental ecology can be predicted. 
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